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ABSTRACT

This report describes the continuing development of preprocessing,

character-classification, and context-analysis techniquvs for hand-

printed text, such as computer coding sheets in the FORTRAN language.

We discuss preprocessing operations developed to find topological

features such as the perimeter, the convex hull, concavities, enclosures,

and spurs of a black/white quantized figure, We describe the p"sent

Z status of a program, TOPO 2, which classifies characters on the basis of

these and other topological features. Finally, we detail the component

functions of the LISP progrxn developed to perform FORTRAN syntax

analysis on a statement-by-statement basis.
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I I

I INTRODUCTION

This report describes the continuing development of preprocessing,

character-classification, and context-analysis techniques for' h•nd--

printed text. The particular subject matter of our investigation is

hand-printed FORTRAN text on standard computer coding .liveys, with a

48-characaer alphabet, The reuder is referred to the previous reports

of this project for background and supplementary material.

In See. II of this report we reswume the discussion of topological

preprocessing operations that was begun in the Fourth Quarterly Report.

We discuss procedures for finding the perimeter of a black/white quan-

tized figure, its convex hull, its concavities, its enclosures and its

spur$.

Seotion III describes the current status of the TOPO 2 program,

which cmbodies the above-montionod proprocessing opcrat ions and performs

subsequent character classification through hand-co(ied evaluation func-
tions. We also discusas the forthcoming use of the topological fecature.s

from TOPO 2 as input to a learning machine,

The context-analysis phase of our effort is currently concentrated

on analysis of individual etatements, using the syntax of the FORTRAN

language. In Sec. IV, we enumertIe and briefly describe the action of

numerous functions contained in the LISP program being developed l'or

the syntax analysis.

V
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II T1OPOLOUGICAL PREPROCESSING OPERATIONS FOR

RUCOGNITION OF 1IAND-PRIN'rED CHARiACTERS

A. 111trodoIe loll

We rosume here the diqcussion of topologi-cal preproceeising Opra

tions that wits begun in the Vourtfl Quarterly Ruport. li that report,

we introduced a number of operations to be performed onl anl image In a

q uanitized visual field. We also described program6 written for the SDS

910 computer to perform11 these opornt tons on a 24 X 24 bit, black/white

quantized rield:

VO_1r a-it 2to Programs

Finding e~xtent ef fi-gure(s) inl E."TLENT
*~ field

Finding connectcd subtigkiros CONN4, CONNS
Crowing and shrinking figures GROW, SHIRINK

Dissecting a figure hint contlected DISM'8
s ubf igores

B~oolean Operations performeitd inl AINDFIG, ORFIG, XORPIG, DIFFIG,
parallel on thle elenitnts of CMPFIG
visual fields

Translation of a lield RSH1FIG, i.S~tFIG, USHFIG, U-SIFIC

(A recent. addition to thliS List in thev programf PIVOT, which piVots it

24 X 24 field about it:, main diagoinail

Thlt- ul'olowinj.~ I erwiiiology t.-; u.sed ill t.1hSi ts''tssiott: Ani ob)ject

in 1 he visual litI i L, is hi r-coilttle-ed 11ti ' anly point inl 11h0 objvvI call

he r-cached fllolt atliv o ther o l))It fit 1ILh't Objkcc bY at I~ 0t ' MUuilt St1. eS

it) ~le tiurtt.tot, direct 1(1110 (ill), downi, Ile!t, rihit) Lv trg tirl

withinl the othjAeCIt. .11 11hiject LS L'i ght -( OMIUt Otd unlder . 1 tarilI III def 111-

t iotil bu t W 1th1 t[it, pit IIt it IIowedi I. " i 1C Ittile' MI L')41 1) I t It(' I M d i 1g(.n~t I

directI tolls as well I.J Is thet verticleI cooerd illnt C l Ihe 1 vk lunalllf I 'J.1 d,

runnitdig teeom I ilt thitop I~q h 21 at t uhot b tlow; K run,;11'07 1iui ;It tL(.hu

l eft to 2-1 at [lin, rij,,ht

31



B. Contour Following (TThe Perimeter and t.' Shell.

A well-kj~ownl result ot" recrealional mathematics states that if one

traces a finite two-dimensional maze, keeping the wall always at the

right (or left) hand, hl wvill eventually return to his starting point.

If the starting point Is on tile outside of a connected figure, the con-

tvUr that is traced is the outer boundary of tile figure.

The contour-following operation, like that of findi ig connected

subfigures, is a fundamental preprocessing operation and forms part of

the basis for other operations to be described subsequently. A hard-

ware implementation ot the contour-followirng process, using :t evcloidally

looping flying spot to trace the character contour, has been used success-

fully at. IBM Corpovation, in a d•.uVcf' to read hand-dprinted llumerals.i

When detaling %ith quantized lmngt-; on a raster of points, the con-

to14r follower Lakes the form of a routine that steps from point to point

along the edge uf the I iguriv, The natural outpUtL of the routinL is thus

an ordored lst of coo rd nuate palrs, rat her thaan an image. The list may

he condensad into aill 1I sa1ge collntatniitg those poin ts ;n the list, but for

so04e Uses the ordering contained ill tile list is imp1t)ortant,

We choose to beg in the con tou2-fo lowing opera tion at a particular

location on tile figure, namely, tho lefteltost oi nt of tihe f Igure on thle

24 x 24 raster (and, i.n tilhe case of ties, the bottommost of these

point- ) rThe con tour Is followed inl a c loekw i e di ruction. This fixed

prl'oe d-Ir'I tksSt~rl :; Its ot filldilng it starting lo1l0 t oil the boundlarV of tile

I igmro, and ;a11.;o mIttes possible some sh.rtcut.; ill later procussilig. It

1eC igturCe I!,n Ih CoMlILcUt1(, o)nly that iolleti (tA.td (| oll)lmll'llt colltail.illg

"tilt, start Ltg p)oilnt wI l I be traced.

Ill [11 it quaint izvd lliia [,• the•) (| gillal"Y) . Ull.di llrY wall 1i5IrY b hought

of i5 r0 l ,1111101 zig t won the o tt htti'oist [tI.o po jits :lli! tLhe adja•c•til

,ullliil •l po Itsll . Thcro are t w o w a• s, I thlvt'it)1'c, to( i'cl'e the ouiud yll'y

I E. C. Gzval ihsl, 1. I. M zgho r, It. J. No l'nlý i, JU1d I , V'si ugor, "The

Itcki r iig li it I m l in I;llidw rI I t t'1 NllI1.rL \I ('(l I t mli1 ur Al•It1 is , IHIiM J( n' n l1

)I ItS il ricI ' I' iI l ( I.,v 1 lrjIlIiIv . , Vi 1. 7, I , pp. 1No1- I I (Jlmt r ly 1963)

/'



wall: on the inside, along the figure points, or on the outside, along

tile ground points. Let the primeter be the list of figure points found

by contour following along the inside of the wall, and let the shell be -t
the list of ground points found by contour followini along the outside

of the wall. (We also use the names "shell" and "perimeter" to refer

to the corresponding images composed of the points in the lists.) The

starting point for the shell is the ground point just to the left of the

(bottommost) leftmost figure point, where the perimeter starts.

We have so far only informally described the perimeter and shell.

A formal definition would be somewhat complex and of mainly academic

interest. We will give instead an operational definition corresponding

to a computer routine for finding the perimeter.

1. Finding the Perimeter of a Figure

Stu 1. At el:ch stage thlerc is a "current point"

orn the perimeter and a "current direc-

t ion." Begin by taking the bottoinmost

of tile leftmost figure points as the

current point. Take "up" as the current

direction.

S.ep 2. Examine the eight neighbors of the

current point, in the following order:

clockwise, heginning willh thi, diagonal

no eighbor just coulntcrc]ockw4 sis o)f' the

current diirect ion. Tli.rt 11'u jUl'l

po.s tlhi I i t ju.s

Ckil-unt th rur t ion
LE Higt Dlown LU f t

1 2 3 7 8 1 5 6 7 3 I5

-Orhder of vmliilmti'nl 8 X ,I 6 X 2 4 X 8 2 X 6

7 6 5 5.3 :i I3 7

'I'h first Fi •t c Point I '(;(' Ii . tillt

iC)ULt j(iil 011 tht t, oirlti r tile "l- ' w"

I3



point. (if all eight neighbors are

ground points, the figure consisti~ of

a single isolated point.)

Step L3. Take the direction of the step from tile

current point to the ntcw point as thu

ewdirection. Hw~r Itese

wats diagonal, take hOl major direction

(up, right, down, or left) jtist counter-

Clockwise oL, tile step di ro-t ion, as thuv

now direction,

Step 4, Test for compl.et.ion: it' the cuz'rrn it

podLni and the nvw point, tire idunt ical,

vc'ýocitt~ivel y, to thc starting in otL

and the second potint , the pertito tel' is

Comnplete. It not, replauc t hc currnit,

pa i at and di i'ct tan wvith Ihv 11Uw point.

ond tlivoce t on, anld go hack to .1 tvp '2

Tirt- portimtetr-t'md ing procu-SN '11 hon tieIlas-t atudlb applIying

it to tho quanttv/cd Ifigarc shownl in Flv 1 I(a). '1tvhe tit.wlmo'ms~t ol Hltn.'

left-most pil sihown a% A in Fl g. 1(h), tstctrgnl.vreF

po Itt.' "sinuc thv sýtart ingj di root to is Up, the I'l1:-t no iljhhr at A

to be examnined i s at g VatInIId poDin . Thu s~conld not ghlbor , B , i s Z% !, 1 111e

point and is talon isth, Ii"now" po int . T114- dl ront tm in 1roim A Ito It

(1iii1tiptv, tip) Is thu nollw direct'tion, As. I he pvocessý tt o',Iho

pvvi' mcIut' poit.,t; areu ittajid as ,'howvii, Inaa ; 1 ds;1th1 icta ttt'tlt'i

Ck'rt aLli polint It mi O Iith Fi gait ImilN. appit-ti i It tht' In'lee t ote

t hal on ce TlC Pim,; po LliI 1 ()lot showit ) i, tlln' saititie 1.s poilit F, '110lt p It

Y' Is the samte, asý pouttL A. 'Pltt'se (iltI i tt 'i P I t arlt' anotz,.t ' trum

thlt periflletel, fori Ito ido so Wtt1itt1 dutiet It'i lit' colttlmt[htv oVii thc jlt'rLtntur

pa th. TIhis uxampi ' shltws why the tvu~tI for' comleLiton jolt loIst ConiSt it'I' Moret

than a, Ming.C' 15)Oint the ptI-l'tuttM' ttii'tt~ls to ponlit Al (1..., point. 'ý)

prettiatuttebY , hat iL is nott cattijpt etL' tilll H i It, CUarrel I)Onl U is Ak and

tilt litW po nt i 13
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(a) Quantized (h) Figure with
Figure Perlileter

points

FIG, 1 FINDING
THE PERIMETER
OF A FIGURE

It many be noteod thai thec perimetcr Cuts., acr'oss an f~loterior

corner whon poss I i lu (1I tiiho Lx ampic it goes from N to 0) ins tead of'

fromi N to J to 0) but dIoes nut cut off' an ex teri or corner (does not go

fro"m K it) MI).

Wo a~ssort wi thout proof t.hat. the litst of f i.guru, points found

bY 1 he p roeodni'o jus deso i~i od has. theV foll owing pi~opert [us, which

corrimpoild to) theo ilit IIi i[vtl [ctiol of perimetor:'

~tp-i I UoCesS.-JVQ points on the Ii~it arv
kiliIL1(eit (horizontal ly, vel-t cinll lV,
or' d l~agolmi 1Y)

PrpryP-2 . 1-:410 po(ilt (It on I thelist t.;Is tou--
miadi flut (1 .v.*, adjacurinEci ther
viiicll ()I- I v 1 Ioi.i(iiit a I ly) to an?
ext orior, ground polint

Proery 2 ~ .All Ifigure p I Ohst~ foUr-Md.Jitcell to0
thue x torl(o gr-ound are oil ti lIis t

Pr)oper-ty P-4, 1hW lii t KIWS u;IoI.' aotdteI oe
C IvrkWhI se ." III o)III thur word, 11 lie ousti-

It1 ive chiUIRL4Ol, ii directliion (fI hO Step.-;
itmotto tutint to tlio Ilvxt is, JkdO J
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2. Finding the Shell of a Fi[7ure

A procedure, analogous to that just described for thef- perimeter,

has been implemented for finding the shell of a figure. Tne shell begins

at the ground point just to the left of the starting perimete.r point and

steps around the figure, in a clockwise direction, hugging the perimeter.

An obvious duality exists between the perimeter of a figure and its

shell; they are largely redundant, and only one need be found during

* pattern preprocessing. At present, we have discarded the shell in favor

*of the perimeter for several reasons. The pe~rimeter contains fewer

Points, thus Shortening the running time of subsequLent computations. if

a figure extends to the edge of the quantized field, I-he shell extends

beyond the field', leading to annoying programming complications. Finally

the perimeter provides better starting, information for the spur-finding

procedure.

C. The Convex [full

'The convex hull it of a set F of points is the set of all pci nt.s

that are linear interpolat ions among, poinots in F; thatt is, if is the set

of points x such that

x a iX

where the a aire non-nepal ive and sum to 1 atnd the x are in 1". Fo r a

figure F ill a plo ne , If may bo c:harac t ci zu(! i at utti ively as tll 11vegion

enclosed by a rubber hand st retchbed iicuild F'.

The convex hull of' a charact(-n is of ilte-rest. In proeprocezssillg

because it incl1 de~s the figure and Iwo types of ground regions: Coll-

cavities, which are ground regionsi connected to the ground ;11,ea outs ide

the convex hull , and enclosures, whiich oire isolated from the oats ide

ground. Ftigure 2 sh1ows a charatcter image (F), together with its con-

cavities (C) and one lo~st'es CE;). 'fhe convex hull is the union Of the

three regions. The concavi~ties andl enclosures (sometitmes cal led "bays'

and '"lakes"') are import ant fe~at ures of a charac toe. Thus , the convex

hull definfes, What mi1ght be (XLIled the region o1 nlel rest Of the

8i
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'F-.

S0 C C' A-..

E

CONVEX HULL H'F+E+C

FIG. 2 REGIONS
ASSOC' TED WITH

A CHARAClER IMAGE

character, and the houndary of the convex hull serves 1-, separate tice

concavities from the outside ground (0).

Various computational methods could be used to fLnd the convex

hull of a quantized figure. Every ground point, could be i e.std, for

example, to determine whether it satisfies the defining cooldition with

respect to the set of figure pointzi. Certain shortcuts, Such as the

elimination of all but the extreme figure points, would clearly be

needed to make this approach economical,

The method we have presehtly adopted nitakes use of the peritmeter of'

tile figure as its basis. Using, '00 pCerimeter, we find the b0xUndory of

the convex hull as a itst of' points. This boundary formis a connected

ring around the relmlaintdel' of thiet cL)IIVCX hul 1 , wh tell can thenIl he separ'ale t(

from the outside ground by a connectivity operationi.

TThe value of the perimeter -s a basis f(r ftinding the hounlda ry of

tile convex hull Is a fonsequence of two propert lies f thie pIerimeto

with respect to tile ext rIeme. points of the characetr lfigure. The extreome

points of a figure are those that liUe on the boundary ti, its -colnve-x tIull

(T[he extreme points can also be definted as those that iake l onan ext rertle

value, over tile set of figure poits, of iyily Llear coltlbillation of, tile

* 1 9



spatiul coordinates J an~d K.) For example, ii. the quantized, hand-

printed let Ler B in Fig. 3 (Serial No. 200 in our data base), all Clteven

* ~points in the oottommost row aro amonr tho extreme po~ints becauý.,e thtey

* all take un thfa maximum value of the vortical coordinate, a..

* ~0
* ~0 000000000 4

*0000000000000

* 000000 000 4

* 00000000 000 *

* 00 000 000
*000 00

44000 000 *

*000 000
4000 000

* 000 000f) *

+ 0000000*
* 03000000

UU000OO0O
4 000 0000
4 000 0000
* 000 00

000 00
* 0000 000

OM00) 0001)
* 000 000

0000OC, 000
4 0000 00000

400000000000 4-

1-G. 3 A QUANTIZED, HAND'-
PRINTED LETTLKR "B2"

I li. I ii,'lim' W I. I III'! u I c mnim Ii, Ill' C 0I; -N fillI I. I'htl I.-. t , i ~ it~i'

ofI nill Lit' ptmillt ' Ii l' i Iint t.l tito Itttw of I"I . :1cI c p m i j tt lii L-ii(limot hytin

Illl toiii sLuch itsi Iiisw It itw, va Iliii inov""LJ-LIILt, ilve I le mit-s' thil df.-

lhiiir lv coit o 1111telitgii I hi'o Citiillt' And , (Ctho i'i t uv p 1 tnt tlm raI . ht in

(Iiit'I m.'mIite lu 1in1mic ' IIlglt'e poli t! assutl tig nit, 2m~IL 11u' xtrei'mm vaintmi4 o' ailly

liinyua c)I'IIIth I imattinl ofmn co rdtl nim m'-i ,i~c , ' vxtrl 'i' vili ii's linIt mitulii'd by~



:I t, -Y.

The perimeter of the figure has the following two properties:

Property•P-5. All of the extreme points of the figure

(anld hence, all of the corner points)
lie on the perimeter. -t

Property P-6. At any corner point, the perimeter turns

to the right,

A simple test tells whether the perimeter turns to the right at

the Nth point, One calculates the unnormalized sine of the turning

, ngle at the Nth point,

0n+l -n) 1n n Kn_ -1 (n+K -Kn ) Q n n-l)

If this quantity is positive, tile perinmeter has turned to the right; if

negative, to the left. If it is zero, the unnorinalized cosine,

(J -J) "(J - ) + (K -K) (Kn - K )
n-i-i. n n -I nn n-i1

is tested to see whether tile perimeter has gone straight ahead or

whether it has turned 180') to the right, as occurs at points G and Z

in Fig. I, (Note that no trigonometric functions need actually be

evaluaced. )

An efficient procedure for finding the boundary of the convex hull

Is therefore as [ollows: go through the perimcter list and mark all

LOnose points at which tile peri meteOr t urns to Ill( right. The marked

points include all corner points of' thi figur.. (The1u iarked points

nrc denotud by X's i n Fig. 4. ) b3egin with thc first point on the

per illic tv, which i.S a Co fll point becdauise it is thC hottoimilost of' the

ltel'lInui)st I1figur11e points, Go Ph rouglh th i llarked (.,point;, considering tile

\,t[l o rollu the starltInhg point Io oII lch oilleo. Tiu L1' iH SC(t poinlt associated

Wil.l the Most ne0illry Vi'l. iC'il V'cCtOi' is the nlxt cornler, point, which is

shtowil is HI in Fig. 3. Using the Vector from A to 1t as the test direc-

ti mllu w (inst ead of I toe vertical), go Ithrolugh the rueamaining Inarked

pointls and find nlitt one, C, tuch Ialit the vuctor BiC makes7 the least

uingle With tithe vector All. C Is the ilew cuiner point and BIC is the, new

!1

f



, X * • E *

* X X0000000X * • D 00000000F *

* OOOOO OOOX * * 000000000G *

, X00000 000 * * 0C000000 000 *

, XOOOOOOO OOX *BOOOOOOO 0011 *

* XXOOO 000 0 • OOO00 000 *

* 000 00 *000 00 *

• 000 OOX *000 000 *

* X00 000 * * O 00 *

• 000 000 *000 000 *

• 000 OQOX * * oo 0000 *

* 0000000 * * 0000000 *
, XOOOOOO * * 0000000 *

, 0006000OOX * * 000000000 *

• X0 QOOX o *0*
00x00 00 0000

000 00 000 0* 000 0000 * * OOO 0000 *
• 000 00 * * 000 00 *

* 000 00 * * 00010 *

• XOOO 000 * * 000 000 *
*• 000 OO0X * * 000 0001 *

S• 000 OO0 * * 000 0(O0 *

• XO000 000 * * 00000 000 *

* 0000 0000X * 00O0 OO*
• XOOOOOOOOOX * * AOOOOOOOOOK *

FIG. 4 HAND-PRINTED LETTER FIG. 5 HAND-PRINTED LETTER

"B" WITH RIGHT-TURN "B" WITH CORNER

POINTS MARKED POINTS

test direction. Continue in this manner, finding corner points D, E,

F, G, 11, 1, J, K, and finally A, which completes tile ring of corner

points.

It remains to fill in the st.rctchcs oif the.- convex hull boundary

between the corner points. Since a straight lire hlutwcoei two points oin

the quantized grid deoca not ill guneral pass exactly t1rough grid loca-

tions, some latitude exists in c'hooreing tile paths connecting corlnier

points. We hav!\' udopttcd the FL'Ic of1 b1111illig a p~ltt11 11-umon1 ie COr'ller

point to the next by taking horizontal, vee'tical, or diagonal steps as

directly as possible in the diruction (A the targt Coorner point but

never outside of the line betwn,,, the two poirt s. Thus, i n the example,

the first step from A toward 13 must be diagonal, up and to the right,

because a vertical step frot: A would go outside of the line AB. The

12



reason for this rule is that, by biasing the convex hull boundary to the

inside, we greatly reduce the number of insignificant concavities found

W between the boundary and the figure as a result of irregularities in

the perimeter. The ground point just to the right of corner point D is

an example.

The completed convex hull boundary is shown in Fig. 6. It may be

noted that this boundary consists partly of figure points (capital

letters) and partly of ground points (small letters).

* E ** DxXXXXXXOXF *

* XOOOOOOOOOOOG *

* CX00000 00X *

* B000000 00H *
* xO0 000 OOX *

* x 000 OOx ** x 000 00x *

* x 00 0 000x *

* x 000 000 x *

* x 000 0000 x *
* x 0000000 x *

* x 0000000 x *

* x 000000000 x *
* x 000 OOO0x

* x 000 O00X *
* x 000 OX *
* x 000 Ox *

* x 0000 OOX *
* x 000 0001 *

* xO00 OOX *

X X0000 OOX *
* X000 00XXJ *

* AXXXXXXXXXK
** *** **** **** ***** **** * ***

FIG.6 HAND-PRINTED LETTER
"B" WITH CONVEX
HULL BOUNDARY

D. Concavities and Lnclosures

Once the boundary of thul cunvex hu] I hIs been established and

transformed to an image on a 24 X 21 field, the concavities and en-

closures may be found quite directly using the lBoolean and connectivity

; 13



operations listed earlier. The convex hull botandary serves as a barrier

(see Fig. 6) dividing the ground into two parts: the outside; and the

concavities and enclosures (either of which may consist of 2;ero, one,

or more regions). The figure similarly serves as a barrier separating

the enclosures from the rest of the ground,

We define the bordier cf the field as consisting of those ground

poi~nts lying in the outermost rosx dclmso the field (JS 1 and

24; K =1 and 24). That portion of the ground connected to the border

is found by applying the tour-connecti~vity operation; the remaining

ground compris.es the enclosures.

A separate image is formed consisting of the ground, minus the

convex hull boundary. The portion of this image not connected to the

border is found; this portion includes the concavities and enclosures.

Subtracting the enclosures, which have already been found, leaves the

conc avit ies.

After the enclosures have been found as a group, they are separated

by the dissecting routine l)ISE48. TheY are then ordered by size according

to the number of points in each, found by the point-counting routine

NUMPTS. The count of points in each enclosure is stored for 'uturc use,

along with its top, bottomn, left, and rip-lht boundaries, found by rcou-

tine EXTENT.

The concavities undergo the same processing as the enclosures. InI

addition, a iicssure is genecra ted of fihe mtagnit ude of (e-ach concav ity~ and

the direct ion in which it faces out from the ft gore. Thesel- IleS oreS

aitc Iiia lyzed and tIlaboIia ted accord ini t I the eight ma~jor and s;econds ry

d trecti-on's of thle comlpass. Thlis- taabl atiten all ows a subsequenit d(Aer ision

routine to de t e min liemmediehtatel1y iI' thee iccnea I Nv a eihpg say?

up and to theV ri gh t , Without haigto scanl thrloulgh al I ollcaIV L ties.

E. Spu~rS

The spurs of a character are those strokes that end in ani isolated

tip. Thle letter X has four spurs, the letter 0, none, and ithe letter S,

one spur with the, -;peeil a property (of having a t ill at eavich ed. Thie itst

14



of perimeter points is used to find the spurs. (This description will

largely duplicate one contained in the Third Quarterly Report, which

dencribed the finding of spurs from the shell uf the figure. The full

description is preseated here for complotcno:;s., and to incorporate

recent changes.)

Consider two pointers moving together down tilt list of perimeter _

points, with one pointer ahead of thej other by, Say, 14 places. As the

pointers move, we calculate thle Euclideun) distance between tile two

perimeter polints indicated by the pointers. Most of thle time, this

distance will be approximately 14 units, A sudden decrease of thlt

distance between the two points to a minimum that is less than half its

typical value indicatos that tile perimoter has grone around Li Sharp) benld- t

i.e.*, has gone aroun-d thei tit) of a spur, The position of tilo spur tip,

indicated by the perimeto~r point halfway onl the list between the two

minimum-separation points, is thle pt'imni'y spur feat urto used by the

present classification routines.

Once the spur has been found, it can be t raced by tho "'caliper

method, Imagine that thev legs of a pair of cal ipers are placed at thle

two ininimuni-sepitration points. 'The calipers ar'e then "slit)" along the

spur by Stepping tho legs of the caliper~s along the perimeter, away

from the lip. The cil ipers are movvd as far as thivy can go without

having to be spread by more than, say, sevenl unlitm. In some cases,

such as the numural "G, " tho calipers will be obst ruc ted by thlt body

of the figure and mus.4 mttop. InI othe(r cases, such aq thu let ter "'S,

the IvIt- o)f tile cal ipurs will trmavel all thet way allongv 1hu ftguro and

IIWO At tHIV 111' enid, I ndiCLAt1 in as Lug ic-s tmokl!' I' igllre . Thu mid-

point of' the 15eV itif, Cal I pers I races out tho backbone of' the spou', and

aI 1list 01f the- aIid-p)Ointf pOittoills Call hi' stoediet to represet lt hei spur,

CO I11 t(10 VLL1) 1 C QX j)C' r 'hI U11CV Wi ti L I hti' '.purAI-YJl. Id tg jIiOUt'dIii'e to0 date

hias shown i t to he iln el lect' le 11eilioil of fi adi ag spurs aiklidloet I ag,

their tips. [loweve i', as thle met hod Is p mesenil 1. vi s t it u ted and used,

there is all 1) 1no i' illi; as pucf.. to it aIs a coi.5tquonl orl' ti lie t~xci

cri teria emiployed , As a result there is ait (ItH'iiiit 0H ill1t I the



functional relationship of the spur features to the shape of the

hcltracter image, as the spur test reverses its decision. It is On-

possible, however, to devise an ail-or-nothing test that will accept

all spurs (no matter how thick or garbled) and reject all acute corners

and narrow loops. A .spur test with the quality of "grtaceful degradation"

is needed--ont-, t~hat produces a nonbinary 'eurofspurne.ss." Th is

quality has been built into the measures of other features. The con-

cavities, for example, are graded according to magnitudv and degree

of orientatioll in olight directions. Consideration is presently being

givorn to variations of the spur-finlding method Ihat will yiold tlhe

quality of geaneful degradation.



I II STATUS OF MhE TOPOLOGICAL PREPROCESSING -

AND CLASSIFICATION PROGRAM (TOPO 2)

EL
The topological preprocessing and classificatioa program (TOP0 2),

which was introduced briefly in the Fourth Quarterly Report, has been

fully imaplemented on the SDS 91G computzer. TOPtj 2 is undergoing con-

tinuing testing and mnodification, so the picture presented h(-re will

be a "snapshot" of the status of TOPO 2 at the end of the period

covered by this report,

A. Preprocessing

TOPO 2 takes in a 24 X 24 quantized character image frow paper

tape or magnetic tape anc: subjects it to the preprocessing operations

described in this and the preceding report,

Since the main sequence of preprocessing operations is based on

the presence of a single, connected character image, a special test is

first made to detect the onl.N character in our alphabet that should

appear in two parts, the equal sign. if a character has two connected

regions which fall within the allowed bounds of size and relative posi-

tionp it is taken to be an equal sign and is not preprocessed further.

Other characters, notably those with cross bars, also appear- with multiple,

connoctod regions at times. Therefore, ainy multiple-region character

failing the criteria folr an equi-l sign is forcibly reduced to a single

region, 1± rst hy br-idging the 6aji between regions, or, if the gap) is

too great, by do ctii g t he I cs-1 s tr regon Cs). Conyversel1y , anl cqual sign

IIIOV a~ppear asa single counnoectvd figure, inl which Case it passes through

the u1SUaL p~rMoveS-stug, land way be uval onted as anl eq ual sign by appro-

priate tos tHs

TIhe f)tI)YrlOOOt.5 lig 01po 'ltiolt s1510 detrunt tie t h2 ftl lowingt for the Conl-

nooled figure: i tS VelliCill Lild horizota.11il C~tclt; Its slant and curva-

ttlniv ili it Is a 11111 , nlarrow f uoits 4fldiIUs*its encl".osures,

liASP1',111its IlhdiIn pfii (' as tto ilul the f('Ur tINIJoi iree os In

III 14lls thp" I I peraOloI2t [)11 tilt' itWli~luLtot E ad ;he cutujlVex Itoll are

i7



H . IntermdiateSteps

* The preprocessed information goes through two i'atermediate steps

before it Is ready for the classification routinesi. The purpose. of

these steps is to predigest the information for the classification

ruutines. The need for such p,,ediges':ion may he sumc by considering

that 46 classification routi-ies are required, and each routine will

consider an average of perhaps a dozen items from the preprocessed

data. The writing of half a thousand pieces of computer code would be

extremely burdensome, so It is vital that the preprocessed information

be properly organized and apj eat in the form of variable quantities

that can be used directly by Lhe classification routines.

The first intermediate t tp consists of ret.rrangemnwnt and tabula-

tion of some of the preprocessed information. The enclosures are sorted

by size, so that a classification routing can easily reference the

largest (hence,- the most definite) ones. A tabulation of the concavities

is made according to their magnitudes and the directions in which they

f ace. A similar tabulation is mrade for the tips of the spurs, specifying

the degree of closeness of the closest tip to the top, to the upper

right corner, to the right side, etc.

In the second step, oiie or more confidence-less functio~ns (CLF's)

are calculated fer each of the important, preprocessed quant itieos. Each

CLF indicates the loss of confidetcef that the charaicter in quost ion is

to suf fer if a given ;it tiibutc is expoc',ed of' it. The loss function

trcans forms thet- or i ginal measure of a preprocessed quoan t it v inoto a

numeri cat quantity usab Ic by the class itUica tton rcoLt. oes wit hoot fur ther

comput at ion.

As ant examplel, We c-ons ider t hu CLV "s per1t a inil ng to Iop) facing coll-

cav itL i es .The colcac ~it- lls hAv been zooMin by th" prpoes n ooti1110,

and a measure of' the presence and magn111tUde o 1 dt01-f 1c i ng cone av i i

has been tabulated. Tbhis measure, which we may call MCONC(UP), is the

maximum (over all conc:avit ies) of the_ up-di rectud component of a vector

inciicati'ig the size and direction of eachi concavity.



Figure 7 shows three CLF's based on MCONC(UP). Function LYCONA,

shown in Fig. 7(a), has this interpretation-. there is no loss in confi-

i:w

dence if there is no up--racing concavity. If, however, there is indi-

cation of an up-facing concavity, a loss is incurred which increases

100

LYCONA

o 0

MCONC(up)

100

LNCONA

0'
0 5 10

MCONC (up)

100

LNCONB

0 1

MCONC ( up)

(C)

FIG. 7 CONFIDENCE-LOSS FUNCTIONS

witsh increasing up-strength. By the tine MCONC(UP) reachsn a value of

7, there is practically no doubt thoat the fiwire contains a true, si g-

niaficant up-facing concavity, and tfos iull loss is incurred. Fuinction

LYCONA is thus appropriate f"r incluSiOn US a term in thC evaluation

functilns of character categories s0uc.. ;st Ilu nuerals I, 2, 3, 5, uie.

andl the le-tters A-G, 1, O, p , etc ., whoeV oneC 1lt2V(r eXpeet ill anup- faciAg

eolitav i ty

i 0 | 19

0 I



Figure 7(b) shows function LNCONA, which represents a loss in

coý,fidence if there is not an up-facing concavity. LNCONA is thus

appropriate to the evaluation functions of categories such as the

letters U and V. Function LNCONB, shown in Fig. 7(c), also represents

a loss in confidence in the absence of a concavity, but more conserva-

tively than does LNCONA. LNCONB might he appropriate to those characters

with smaller (and thus more readily obscured) up-iacing concavities,

such as the open-style numeral 4 and letters H, M, N, W. X, and Y.

As the example shows, more thatn one CLF can be applied to a pre-

processed feature, each CLF reflecting a commonly used evaluation of an

attribute o± the character. The ramp nature of the CLF's represents

the quality of graceful degradation that we believe is vital for features

used in character recognition, e3pecially when the "recognition" of

characters is really the assignment of numerical confidences to cate-

gories for input to a text recognizer.

C. Classification

Tile classifier secLion of the TOPO 2 program yields, not a unique

category assignment for each character image, n1,t a list of alternative

category assignments, each with a confidence measure. Each confidence

measure may be considered an estimate by the classifier of the confi-

dence (or probability) it' the observation (the character image)

represents a member of the associated category. The confidences range

from zero to 100; in practice, most of the 46 values generated for a

character are zero. The present version of ropo 2 calculates tile con-

fidences independentlx', and does not normalize their sum to 100 or any

fixed number. Hence, the cuniidences are not true prohabi lit, est imates.

The basic expression evaluated for each category i.s a simple sum of

colididence-loss functions for those attributes perticl uco to the category,

For example, the to)tal loss for the lott er-Fl category may be the sum of

losses incurred [or: an up-fac ig concavity (hbcenc, IYCONA), a dewn-

facing concavity, io right-facing conacIvty., spur tips on the right

side, lack of MI enclosurt', and lack o) it st, oiitId ('lclotiur.. e 'Thc -1um of

lisses (ltailetd to 1(l)) 1 :-) suh -aLc)ith [re'from 100 to Live th basic

2a)



confience measure. Ideally, a wel 1-pri oted Bt will sat isfy all the re-

quirem-ents well enough to incur nio losses and aehileve it conifidence of

100. Most other chrarnelers, will lincur losses totaling 100 or' more and

be given a confidience of zero in the B3 category.

If the variations un hand-prined maiterial wereý adequately covered

by a straight forward selAct ion of topological fexatures, Lhe class if ica.-

t ion roUltine COUldc lie LLs.ienibled with ee. (Furhtlio-nore, this or

o thor mlethods would havcv solved t.he c harac tor-recognit ion p~robl em loiig

apo. ) A look at. Fig. n3 however, inidicates susie of the problems with

the B3 category and gives just LA hint of the gamlut of problems encountered

in hand-printed material . Although a B3 nominally has a straight left

side, teeapeiFi.6hswoscrifs that torm a largeý conicavi.ty

onl the left . The seri Fs are almost large enough to be found as spurs,

as they are in wiany Wis . In othlers, thoe nc losures alre brokenl openl or

iiieigcd into one large cenlosure. Thus, coolt'i-any to nlaive sV ttin

tio loss s hould be incurred f or lecit -side cc ncav iti1 C or s pur'-i, and olilyl

al lie i ted loss for- the a(s or o twYo coo 1-1S tInts.

In a pvogram such as the current versýion of TOLPO 2, where, the,

evaluoat ion functions ai-c des igned by a Mmiiial rgi nn ' cons;i deiabi e

experience withb real dat a is requi red to imlpr-ove th li-seAUT rion andl

weighting of thc, CLF's . The pen son t OWNci' to doe10k11 Ol'0itOP 2 ii I a -egolv

devoted U.o this task, t hrough a repeated cycle of programmriing, ru11on till11

ohse rvat ioins, and evalu at ion. The Waini~ tiesiglner thas rectourse to severi'i

avenlues of flexibility. tit- Mlay ime1l ici-ato '11C Lt foil of a CLP- oi al

part icular cate~gory by div iding it by somel( factor N', soIthin 1h t 1ie iixjilunil

lossý ineUrrab1)lo asý ;I res;l t of t(lie ctii-ntsp-idiitignr a r iN 1OPi/N. Hie

lia'. turn to tihe piol'eeessed data in de0(vi~se, lo(w, ;I at I3 xiicu-, Is.

Finally. theý designer iiiax ut in to tie nrit -itii:L ililigi or lIiii- cI iii.

Inftormat ionl that hlas hieeii geiltIXII 'ii itort hg the l~ta nto plt-i1-tuna

anyca ciii uat ioni icqut i-d iii a aýpis Lai loe itlt TUN iti ha listl rit-

COtlrSU is, Used, tol p)2-oitoxti a itt-tat id itii Iat-0 il (-i tin

ba.sic (,oiittlduiieo lilt-asiit-S hive sminlep d (tilo t p:01,1 x 'I I -ti-~i

F()r~~~~~~~~~~~~~~~~ 01,~)(,A d t i1di'lIlid 1- h - .li ,(ý1



fo 1h 5 un Sj o~l Cat gor t.i i~s perf o ziucd only whell thv IocI C 010Ž4 t'e vcci vc

110lI ZQZVV O tnl ifd ac c, u1vi,tt. 'vi~ Ion t Ito11 11W liC Q Va I UnI t,0o1 Thvito a to

p re~un 1.ly uiboii 1. tWelt.,V ot 14Žd the c (o li 1rd C nIjVol tilo 0Ž

I). clas te I ation UN i Ixrig a~ FoatorVUS

Given I th' met of prpi'itndt)10Ot,] t~tout 'TOPU 2,

Which We have suggested 111-v highly ,wtilablt ot lnitutjo 1 itt

fattur-al to ilqk Whii-lie lttt IIo' t titwtin van I bu ttlptt to it Itual ottintg ItnIw.-h

to perforui the clus.inii lcM L ou, It the? I en oti g witchinec Iiikei th ti Io tiji

of a p1. cowitne lina nn I itch ino, t hu dot IprotLIVI I~tll oom0toMod flot catýIC

I'ltogQoly Cllt be0 1*0 Iii Lvd to thu dv44 .olred ctwni rIden" nw4140 ture In ii 1I

* ~~~~casto, thle eL'fccLivelott.sIc ol, til how1 )n1g1 tI-Ondor plumO tijaInt gMttiihi I

Coltbna Ion cult ho oxatttnod by I ho usual n 1 mo bol ountlting i11 tt

correct aa1. tjto

It. nooottn hexil to Ow'~t tnfoaturt. inoiorit In in to H it- 1-aviint 0g.

mlachn el it, I tht. lin o ()I C ''o, silti' I thoy art sing:1 t' v itin it' ho*Ioundot

andti c utllt o Z itllt4 d t thdeby r(Alec ottO UIit Itlilltý L,: %ivt4l ItwItILIt' 41nhtlii

li'ons or'II titit~id Q alfottiniat I , lhtt hlmic hoCI'tI TON1) 2IIV coi

ItI(I t ci.4' ultn 1., 1 ) )tin ' 14 It t II ovil44101 L ( I .l Io ii l oan Ivft 1 I t' -' 'ith no 1 1 li I lim Iw ;

b .t .o 8 1) vila c I oe tech I lte I In lit, ;I Is iti ,L It v i [ III I on, - ltich it 'I't' - lt

I lit gtirivethcw'lt ettlliI w ru~ t sol tli4 il I In h141 '4104 il c1ilttUilt i itnv WlWo I Io

!141 1 lit' bwiiclt t olI11I1 o 11~'ur ' o .N

I 4i c v t~tlll4h. i'l il. t 2 4111 W l ,~~t .tl 4t crtl .i Itl It I 4t h,'

h .I' ict.' k111 It-1i' 1 Ill,~t 4444lil, 44 I lt t I dit I4t~ lit .1 1. tt 'tl

1ii 1'. 1 4 -lt1 1'.11 . In 11041Ž 4 411 111 I Itttt4 i'; 1. 4.
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We Shall~ rep~ort. SUbSequently un the resivts of the ] ca rring-iiachine

vjeX'imoiiýtx, which will afford a two-way comparison: with the results

of the TOP() 2 evalunat ion functions working on t ha same prepr'ocessed data

(see the next section), and with the results of the same learning machine

work ± og on lIn vm- y (Iitn' -pnis preprocessed data providimd by the opt~cal

imsk reivvicdmors Wrl bed in W e peuced inrg reports of this proj et.

E. Experlinvitai Rettiuits

The 'POPO 2 program was4 use'd , in the form Lhat it had at the end of

the pero C 01covIIrod by IlA- h repor5i't, to process, several sets of hand-

prl tiled datit. A] though the oultp~t Of 'Vol'( 2 coalSits tsof lists of' con-

fidutcv ilus ores, the 8 fip] s t an! Ities t fam ill.ar pe rformant. e mieasure is

oblvaittd by speci licaity ci assJ~i v o the (I ti'tctlil'r inl the category with

the hi phes con UIdeane. The res it ing si~l tip1 satuore (clAwssif icat ion

c' TOI'i Fate O r IUCCesq Vate)ity be,1 uA'Lsed foir cnprs with othner types

I. Authors 1-~20

Tilts [5 Nit51'vi't ttt.'t wats ipi'ot'tttd ont a seti of 920 charac -ters, con-

S ltý 01 ngofIheI' I i-St IVORi('VIIAN a I pha st. eoit.'t 1W' ea-ch of HIC t fii'S . twenty

ýmtl1 hrs- Cru'itit Whoeti we, (:iii tc td our dat.;( baseý. The et'roc. map for this

expert twitt. Is shown it'llh i I. '(ht' UVI'isii iT~IMI)~ it 1)i attiVC r each

chtilr'o etuci c-reel Iv chtsifatrled by "'UPt) tý, i.u., eiich eatartct' for Which

th li. 'tiiorrct cite..grvy tecic.'v t1eil I liehichst coint tiht'nl score, For each

('i togoi'y 1revel vilIK lie i u'st ee Thit, lieý eit'it' map cinitainls thev

saill'i. nttitt tiIi ittfisln ~liix, od i i siit o t [i indivi-dual

';I w't i a I. h' :a I I I , i i I t 1,z t'tt vi iI i i ll i Vi I i If l-I

u0t Ii{ I I I Iiýk i I' l ý I t I 2 I Li I I9 li t~i'' 'i L i t c-I-: iitip 'l-- ' t .o hu

1 'ii lI I ( - Ia i s It II-' Iiti til 111 1 t1' t uk - wItI-, ol . r nl ---et ý- sIt e).l 11 rldý t;'
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There is also considerable variation in the error rates for

individual character categories. Some characters, notably those with

the simpler shapes such as the period, minus sign, 7, and L, have error

rates much lower than the average. The two most "cluttered" characters,

the asterisk and the dollar sign, have high error rates because they are

generally the most poorly printed. The asteri.sk often appears as a

clriously shaped or formless blob. Of the twenty dollar signs, only one

had the two enclosures that would normally be expected between the S-

part and the vertical stroke. Devising features applicable to these
categories is extremely difficult.

The twenty alphabets classified in this experiment may be

considered training data, in that they contained the characters processed

and studied by the human designer during the development of TOPO 2 to its

present forn.

2. Authors 21-40

The data set for this experiment consisted of 920 characters,

the first alphabet coded by the 21st through 40th authors from whom we

collected our data base. These twenty authors were largely personnel

of the SRI computer center, whereas the first twenty authors were

personnel of our own laboratory, the Artifical Intelligence Group.

The error map for this experiment is presented in Table I1.

The overall error rate is 266/920, or 29 percent. The alphabets used

here represent independent test data. They were neither examined nor

processed by TOPO 2 before this experiment.

A number of possible causes may have combined to produce the

difference in error rates between this and the previous experiment.

(The combined statistical unce-rtainty is on the order ou 13 percent, which

is insufficient to account for the dii crezncc.) Firt,ý of course, is

the diflerence in per'forullance between training ticd tlusting data, whir'h

we have usually encountered ill o)u' lcarl'ntzi9g-mae Iihl (eX experilnen ts. Second

is the ptossibility tnat more care ill printilng laS takn iby tile personlel

in the Artificial intel11gencc Groulp, because of thiriz gtreater proximity
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to the project or the way in which thf, coding task was presented. We

to the authors,. Third, tho document scann:ing, which required the assihs

til went on.se Afuth min simize t thi tosagnca differencethug or intuttn

coding, styles, appears quite unlikely because of the similarity o ak

grounds between the two groups of Ruthors. Finally, thiere is the possi-

bility of statistical fluctuation onl anl author-by-author basis. To the

extent that each person prints with a characteristic level of neatness,

clarity, etc., the characters printed by him ure not- sttsial

independent events. The governing statistics then are those Of 20 inde-

pendent authors, not 920 independent characters,

3. Authors 41-49

The data set for this experiment consisted of 414 characters,

the first nlphabet coded by the 41lst through 49th authors. These nine

authors wero personnel of the computation stafi at Fort Monmouth.

The error nap for thi~s expuriment is prosented in Table 111,

The overall error rate in, 1.00/414, or 24 pericent. The nine alphabets

represent lindepundent I e;' t data , It may be no ted that the error rate

Lin these data 1lies c loser' to 1hat on the "trainatng datal (Authors 1-20)

than that an thu test data of the previous oxperimeat (Authors 2]1-40).

V.I.e noxt. two cxpcrlimneal were per torimedi onl quantized handl-

p rinated dati n a upp lied Ito tus I houV~i the courtesy or Noel Hevrb.ha Ii and hi

(01. 1 egues lit the t110h4(ns.- J. Watsoant lResenrch Cent.e of V iiIhe I lite i'llat tunal I

11lvo mss. Mavlichise Crpo)rat 1441. Thei ikný 'In soppiod- w-ru qulant LI ioU with

approxi matel y 3() x 30l re'noiut-ionl. Wk brVought I ht k(liit' d owa to (o(11 OWIl

ranJter ilzf., of, 24 X 2-1 hw ca(stIIing ()ut 1"'WH ziod c(o lllman' wheLrevur al42cessary

a(11( H1tJ~it (U IL he anti rveol'ý tok 1(4 itklII ((Or vx t;Intag firtigra~ill

*l* Cu(ýNase~ D'tl )11 1t Ii-is and(I Numvra Is

A dal Iit ha!4c coan.lilt uaIi'ima-primt 0( It- tcr05 nati itn1iiJi(-jIis wu.n

co II I-v t oil bY lti hl r CcI'ý(' (:; v orin pti-rl-su l(I (I It- 1M Iiem -lit' of r, 11

IIn I ( 111c tlli 51(44(0i WdVY lliki wi' coI l (41-t' (41ur (Idlti I)14. IX -h i(tio wI*44t (
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thv 26-1.jt ter ~aI-'j I s'h alf pholt plum the ten MOMt~i Mwc some of the

c. -dC't-ri wer' umitttud in scmanluty, however, thu JUto wcaru not pro--

Ma. i 1'ly~~l ouunA! bv autiIhoI't Inm4 oad, ite l rirmt twei ty malimpiom cif' canch

catlagivay tin I ho dala* t api. Wi'ru 11U11

Thv- TOPIO 22 p .voirln wtion wu LIiV 1 V RA .i~-t uWnry At 1J,0- C!"S f ta* fO r

th is unurillivi'lt byv Igtv II vvspoi nl ' ninu4i itfoou tilt, calt ugoricom off the tonýI

gl~wiocal VORIUI'AN'ii 1phalni" chnanwtorm'~,

Thlt' dlitt riv MI'o itthin 4'Mpt'I iIn Inc ludd 7001cancoa th

3CItIh cit t'v' 'c, I il r I 0 was~ in! I"WemmoF4'' hvtumc ill(' cuoul'm Wore'f not.

I niMMIa't ito IPut a i..-t"Imia til /. A 0% ist Inug Ill tho, ercror 18 giveln in

Tolti IV. 'Ih'l( nvivnlai vvro rtnt wona IWW697Jf tir 21 'rcn~tnt., ThIN' rnto

IIll(ta . it ) n t I Ill I ilt,, I It rocq Ili 'iai 'l 1 ~ p i at r I $ I I i k I t r-'1 l Ill In It C kl I.t fitt.

knt"I IN IM inaIaattiI nIl maiIkl ON "Wino aiit ii 0'm and Mi~x ulnaI aslIv( I 'm

inict I t toI 11mla itlt of~ Men %li 1h'IcI A t' I a itir .11-4 ar t' I,,,- ~al
VV a I I II[t il l. I, k Ill s i pAnr t l it, li'.iI y Il lit t liik :1 111111 tit I tol I I v't'tttt. I II!ll t t a c i tI, 14 :1

illu orvo Ini t * a i I lluil (( hha a t 11-n W or 29 dirrtall I aiia

Ihtin ii' l.I'itnn d ilot~utl l vit nn'irav ithIllhi , *, i t imib lo illivrttawauirIh41 iniml ing

wak m Ii a 1 I'ia'tii rollk" it iiI t' l itut h u mvI h ~i (: lit I iut i t, I I ,c i iIl

is ita I it h ilpt ml Iimilo ltA Itl iii vi i ii iti,5 I' it'mI tiu. it Al tit I I 'l owartdm m litimmi ol)I lai' i

workmi ma ' d ta v norm i s' I tii it, tilit' Ia hcol~lll l tlg yditi I oi'i lillt a'rolm it

it l '-pii~ l(11"ll lt r -ý11'1 W J111/a il



Table IV

CLASSIFICATION PRROR LISTING FOR CASEY'S DATA,

Catogory NMisclassi finaLions To t Lt

2 io01,5 3
3 1P85pJ c 6

4 UYl -1
5 FFF 3
6 GC8GG GLF
7 Y? 2
8 BBDBG3 00 7
9 840'14 7 6

A M~p 2
B QQDOD ?00 8
C 68G 3
1) QGQ
E GG8Cc; 6F I
F GK .2
C, 66U 1
11 NIMMMP UPM IN
J UVIXO 00
K L004 -
L ?FRX? EER
1% HN
N MINPM .1
0 U01(4

Q W(QO PP1 lD 1

11 K
355 15535 J.5.5 141

T y
U XKK

W IINNIIN
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at the cop-puter, they are clearly much better formed than the numerate,

-m•.t

in our own data base.

The data set used in this experi.;nent consisted of 100 examlples

of each of the numerals 1-9. Numeral zero was not included, since it isI not slashed in this d,.ta base. (We could, in thc- futurc, include the

zeraes and treat them as letter O's.) A listing of the errors is given

At

in Table V. The overall urror rate was 33/900, or 3.7 percent. This

error rate was achieved, it should be emphasized, by a classifier in

which the design effort was spread over 46 categories instead of 10,

and for which none of the backroom data base was used in the design

process.

Table V

CLASSIFICATION ERROR LISTING FOR SACKROOM DATA

ICte •oi NMiselassificat ions Total

i 52222 5
'1 0

6 "?8880888'?N8 11

7 22 2
8 ?'144? 5
9 4487"t455,18 10
0 not p)roLceseo(d -

-!j33/9 00--.J7%

No I e: I I(Id t';ItVS i til ) | ol I( 10| (0, WV't ZCOr(,

Our aittenti Int Is pv.lIri1' e tur Ilnt-d I owird h'c oxe~m I n Whiceh

.1it pi t-cowIso- i I 0.211 It';Ll'Z1ing 11cII0h I II, w i ht'1oo;d to hC~l tIV thU ttloo INI
• ()Irt lli obItained ll rI m Il ic III' m)•( 11fit T014 " rjtill'l( .WIII }q Tt'X .'ll vm ull s tll w. t hu

t- n pcI,[Im' I It s - I It, kII(r 114ý I (Ii t - Vllt Ilnt 'h111 , w)|1 Int , it' i :t ,its ttý w I( - 1'| 1, ti I ht( pro - LI'€

• I V•'I'I• I' {)lir r lh c I I l' iss I Il• Ilcat tt)| ' i,, T I ht ]'I -:I In whi t l 1 . ' klh l.:il : , h



etfort should next be conceIntrated. In addition, we already have

knowledge of areas particularly requiring improvement. In preprocessing,

we have discussed in this report the need for spur-finding features with

the quality of grace-ful degradation. The classification Qrror maps show

groups of often-confused characters requiring further refinement~s in thec

classifier and new features from the prepro,:essing. There is a strong

suggestion from the experimental results that the original cont-dence

loss functions wore applied too harshly 1.n general. We are cons iderinlg

revamping the program to enhance the lvernll quality of griacot ul degra-

dation by providing more conservative CLF' s to a greater numbir of'

features.

Finally, we are beginning tO exp~loreIC the I nf ic at adjustin g , or

tailoring, the classifier to fit the prinig of'Iu i the individual aut~hor,

We have purposely held off en this approach, which Will i ave 1 y add i

titonal tvni ning effort or complexity. flait th oro 1a1. instilances (num~eral

l 's and slashes being the classic examlle~() whereo dLitI [eren t cn em

prvinted by di fferent auithors are iimilar or identical. Forthcrimure toi

most casus the variations of a chara-,'cter prodMuced hly it a illgie nilI1 ho ll're

far less thun thoseu for tho Whole popul atitoo. The ento-che

exper i men lt s. will Provide a convenient 1 ramewo ik f'or expltir in l 1 I

tailorinig kpproach. Wv wvill he able o In"nrich'' hi' I trailatag 8et. wi th

dat a produced by the test aul1her (a inl all tenount I roel ( to 100 pemcc tnt



IV DESCRIPTION OF PROGRAMS FOR SYNTAX ANALYSIS 1

A. Introduction

Our general approach to0 the tuse o.)f the s~vn tax of FORI'RAIN to rosolve

amibi.guttics in characteor rrovol1 t ion wvi, dsr c1:In thle Fourl1h

Quurterly Report. Our worlk it date has been restricted to isoctated

s;t atements; thuOs, no i nforimnt ion from o t-act partsi of thle program, muich

us variable names or sa taemcnic. 101)015, has bac(.n used ill tryjiig to roe

Solve a partI ic ul al, s tOteme~lt, I. Wh il 1111I iiiieii ieiiii usto ))L Ciale tO COmjpj tcjt

this of fort, this work has progreasod so 'fifc on tlY to warranitdcmntn

it ill ilore detai.111

The inns t accilvate deqcri pti1oll of, heit program .is vivell by the loit ag

of' the iprogruil it so f, andk Liths I ist Ing I.- ni~nclwf Ili the Appe~ndi~x The

lim t iIng g ives th oxa10 detl' le Inltl tow, ('I a I (,olI hw L4 ISP june t olls use'd by

I he syntos a antI 13 v v 1, ' ogl htit 1 wi I 1 1v; twqjo o)f pitvllumt, I Is , uc s a, 114I1, 1s lug

c(a 01 he trac v w Ifl ou Lt oto muc t'10 1 oul I t byv allnyoli Ill illI I i a r with 1 1 Ll 8 once

thle general s otncof tilev progal~l ýi5 knlownl aId I lle 11evlt'ern purpose of'

tLeh most impfortantI 1011(1 1onh im known, file por 4)f tosi' ol Ibi Set.ill is

toIlli~i IhIlonded back-kround1141 i ll

Ii.

Al iliugiitighou apprllisic to w4sf tg Kynhix h) vo roolut ailiilgtki i 's

s hoti 1(1I appi Iou hI cn 1) 1 v ORTIIAN genc ra I Y, I 11v dýIit oIlIs dfepeiild (il It)i

pal'tlfivuhitl dihiluct4' oii~ . (lot' pilli laiiil I.- w'It Iti'll tor1 itlv 1
F'ORTR'AN 11i as uiescu1i o o Il l till- .1 i oltl I Ii c II ll i t ty, t li , I Ie 'tiniet :1 1ii~la i

SD1)5 900003C.: Aitawprtý If- AIi (pI it 1111 -1Whlat 1:; (w I' al ;11 t it-fit I I\-

clil i'. I ill( has uod onIt hfi'l- i BacIm -fnit 1104t in 0114 oisci li 1  
(d lii f Sf5 ItiTIAN

1 [ giei Inpu X i 'ito . I 1, 1 pJVtli ii Iml"il wi lobI; iý l 1i' )

pull ca (4 i l a44 P- l i~ 1 , fil t hl l I 'l llS

A3:



1 ~2

Wh~ilo Lhe ith tO I. op I L A cIllwil L, 10 Hi ~eb et, ~ilt 0Che kdiCVI ' illi

tile niat'villcmt , 1neah top-1twir' vIc'¶1o'fl1 a mo -v (LI I etj 1, L MI i- nedha

L Cha0r C 'Ill (n C unal Om" Cinit Cioll

whIi'tc' Chalt I. i the it Ai A.Aokt Icyor tho un tvg~y A" t he cli ractci', '11"d

iti Nn D i i t th vilii It Ill d i g I I hi f ~i n 11 1 o f ll wi llp 4 1u1-1 i I rom ~I hcIKl~

1-: t) ( 0 (6 20 1)C

whil') \wv alrt- )a II).'eIal I hal ,it tvi'lall lvv Itl ol ic cht~ Iiriwl i'.

II I" Lta1e14r 14 I SA way Aa'a alo AI Il ~ hiate l Invi. lilt. li~rIaI

A K K K

wilt , A, v ti It K It I I 14k4 1 Ill it) I 'm~

K (CI~ ('ilI, I i (hm.

hV a Il if ~I atIlpt 4'll ti 114 AltI I ý*11a i a aI I IIl , Iw 1ia I)V

la k l AI I t , kr4 IasI A A Iha II~a wI AI ..04 AM,' 'Mlilt laitail f dit t

4I' I i l 4114 A A mi'm14 I ,~ I" ~ F,.A.1 I 1 1 - 4,4:11, %ii 11.1 i.4 I r Ivl

, A I F Iil'lIAN .1t -it s~a- ;at la l id kA - Ia -- 11.1 1"4 -- ,t 1asi 11,11 ta4ý AVI I 1t 1 1' 1All,

)1, h;.sIn (I ]..\ -II A a III I I Il 1 11 Att A.la oIi 1i (14-alll a.~hIs

,i t , ta I ill' I V ta: A O I aa I al aa



As mentioned previously, we assume that the P-1list from the A

classif~ier corresponds to a single FORTRAN statemefnt, This may corre-

Spond tO one or more lioilo a udilig mshoot, depending on whethor or

not the Statement was continued. We assume that the minor -cask of

checking for thoj pvtesuncv of Qonitiaudt ion chavactiors in Column 6 and

properiy nt ringing tUm continued ii oes together to yiel]d A P-lIis 1. for

a compiote statement Imm baen done by the time our current. top-levul

function is app]lied. We al so neglect the label. ft old, as~sumnilg Lhat thle

1-li st bogins with the character in Column 7,

Finally, thure is the mat ter of spuces (biann1;) in the field.

IIn 11i'1nc iplc., 11] S plices could be (lolietd f rom statelmivits ot hor than

FORMAT statements , mine , 11 ' no c x'ov:, worte mode in vccugnt. ýi ng t ho

Characeters, SpoceQS would he deotvld by tile oomipi or anyway. OO6 ho E.er

spaoo, i re x'ety vaI lklkihlill 1n41 lI~gMhUu MIUMl S Fotru "44 exmler1IA, the

reogn glit.ion of

IX) 2a3 1I n7

11 i 1)OZ-8temenklt is gietvaided~ by thV I)VVI4VIC of00( th it., em '['hUm4

We have (le 1 dud to votlai '4 pJAVec4 11 1hVP I ii S'' uts dot'~ I Iog th le ti 1Lal

41001yms or t ~1Ihe 44101 omen 14, VeloviPO onl~431y rui)4ht t d v4 putes . Than I cads

to 00mvion0411llt(4 44104) sOC I m 1c 4 nm Ith :imd t" ii en GO TO und COTO

l4opilrlTto' , or4 t~he lit-c4 14) t root I I' ( 01(1 IFJ si~pllriatol y . io4wt.'Vor,

Itiu ig as ro eel 1vety sm0401 1 prlut' I u lizky foe illv Pti itivLlant- Improve-

Mi-4I1I1 II1 11191 It 1) 111 t V t U 1'COV,11l ZU 141tli &30414'111t t ypoJ S,

C. Li'ionI%11 ' rol kr~kl 44101 1443' I

I Ovt, rat I I I I4M1 t U Vo

Tho44 p ri'mt-'4 I hy 4) dx I04ilys IN prt'tgraiL4 Ii 4, 11t Ioo A44 ) c t tIl

N I it 111v 1 4.t ,~ or 4 '4i tr tI-i'' 441~ - Indic'141 Ing4l~ Il( l lll~ 44444 o''(1 I 14 I lit- pr rl11'

h-(1 444111 I4 lit, 3'i t Z 1 1 44'114, 41 .. !i t cal b I h'tig ht o I Ita I44141 [I pr31;~ W14 '1 Jit 14(114

SI44 I43 ho 4 lot) I l'4 I. 143 i '-I34 14 N"'41111111. 44444)41W lii' I II-



formal definition is given by

St[p] = stype[ space H]

Here space merely remOves leading and repeated internal spaces fromt the

P-list. stype. is the main function for detcrwiting the statement type.

Its operation dopends on the fact that all FORTRAN statemunts other

than the Lrt itl [m-t c -ass iginiment stat ement begin wi th a `(eon tro' word,

such as DO, FORMAT, DIMENSION,* etc. It Uses ai preditcate gin[ i

Which meaosures how well the £ on t of' the P- ist Lhtehs one of*th,-

words. Tro bet. 0FeSpc ii, Ic, gisi1 true if' the ave r;~gO C01l i dellkC' Oft

e haraQcIteS ill p u r) on to ehat-a t er.; Iin the coot rol word Il ux -

ceeds the thres hol1d hi and I.- to iso lithe pmise.

stvco Is idcrs cent eelI wor'ds onle ,I Lt-L ;I iot he i(Ie1t1 1 1 cit I IV

gill is Llu( 01e otill coolt von IWords have been eons ider-rI, tol which case theL

st al;t en t. is a ass Iled to heb I i uieitclli Igilo ts tiltmeeIlt III

either ease" the von ivo Of si vp is the v'a ic () F a specia I!-. isfullti l on

written spec tical ly for one statement tYpe. For example, 1if

j~n (1) ( C 0 M NI 0 N ; Ih I s true, the( valtvOF ,, vtju( ks hiw vol no

of 1Icon1i)], a functiton written sricfir'iallY to (ILetj With COMMON

111nIt. typIns , andl It. Is, di It I' roll, t. say"I~ all.y thIIing hi I penl-ra I Itililtt Iw(111,

eteo . hovIhai, I Iti c I;I( t Ihl% t II101I1, aiiiiiii' Ipl -1 11 w I1 th lii h1 - I t U t. " IowcvE -r,

Illanfy ol 11 rll Il.11, v lIf! i WhatI .11O lLIJitt tN a 0 1 hiAiiY Of 11t hui'i I til( 1.e-

A Id t11 L NIiii' W I I I h In' W Ils -I Iti h)r1 i'lI I

vt I III 111 I InIs

hc .I I ;I H o t I lii I Ii. I I It I,.\ll , 1

1i 11 i 1 Appi-1ziiII x.'. 1t 11011 1 i )] Illt I 111(w . ' l Ii l i ii .11 11 - .1 1 .,(1 i

c x~~w vý, i i~ ll 11" I It i,.15. -I'- S ilý I !LI II I.-II 1 1 -



tail k;nI Returns the list of elemlents n on from
the list x. 7

[egx; m; n Returns that part of the list X strictly
bcetween the inth and thle nth el-ement.

neifn;x]: Returns the nth elemenlt of thle list x

inside [xi Returns x stripped of its first and
last elenietts.

alt [pJ: Returns the A-list for tile p-li.-t p.

3. Ut ility Predicates

Lett~ fyi true, 1fi the- atom 8? is (-)Il Of theQ
twenty-six Jlttora..j

digitr)fy] true iff tile atom L is olhu of the
ton numerals.

jrnE[Y I:Ortlctterpty] digitpvi)y]

M~eiaU fi:trule tif tho atom y isi one C.1 theo
ton special FORTRAN characters,
ThL following atoms are used to

reprus elit theseL cho rueturs:

a t i~ll ha 1 auct vI

L

ES

AS

SL

P'L

PE

CO~

pitir II it

t g't i PI., I ci I e 1 q['M
I t _ n R t u r nsI' tIVe l t ( 'n e lteI %n It I I

F OR RA v~i N It il l- i h t nIll: 'kit Th ir itIl5I1 :

:17



a re S-lIis ts~ and t hey fire I rue, If mwd only if tho S-1 bi8t is a siyntact I -

call y vci I d I omin. The pred icate t~i re M 1m~ ly re 1 t ed to a [urnimily uf

f wic tiofll W1h0 ruih Vac olid f(WM:; frOM ho,- IWAd of 111 S- int. t he

names of tliu.be Functions i o wavs begbi with t he lutter N"Tb] In VT

gyas tho fourt een prod i cat o, tw hs yntac tic Mro Miathy Ioust W n the

I'unic t iolus they Cal I upon.

'U"? two IMIMI. l i tlon t alit I 111111 IOI ('(,I dy a iii to pi(graIIim fig it o

build anod ~I= o ff. They covirt-pimil t) ttho cont~t ru:t ionl o)I a Kri111I 'liom

1, P-i It I n and thIII retr.crng of t1, IhatL gvziiphll vo I iw vlt in it g lI),% I I owot',

to ta I ("oil ( id efl I he (Iel a LI Ni 0 1 il W h I er Ieo J 1W L H(I' I hod In11 I lk' IWImt.Ii

Quartut'iy Itu.piort To'L hot moru' Oip'cI ifC , bul Id hoia oneO 01'guwt'nl I aP

li t aUI am ite .a L tt iti I t st v r wlvm u 1ie 1 1 g 11 vii Kra ph, Th'Iis 1 '1 1n In

de!~v.-,cbved with I ho Iid of lil examplo e, F
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((PINX qt0UOTtE TN1$5 FILE WAS CREATED ON f))
(PNITNT (OUOTE 28-JUNE-1 67)
4 DE I NCO

CLAH(BCA (P)
(COND

((NOT i(OUAL NP (CAAAR P)))
(CLPSET P))

i L A14IPA iP)
(COND

(4NULL ICOP P))
p I

44AND (rOUAL SP (CAAAR 0))
UCOUAL S'P fC'AAADQ P)))

(CL~~jf (COP P))
IT (CONS (CAR P)

(CLpst (CDR P))))f))

I NFL
(LA)4ODA tN L)

ISC TO U L)
LOOP(COND

(EFPUAL M4 N)
I RETURN I(CAN U))

I SETO M (AOOI N))
Isclo U 4CO, U))
IG0 Loop)

I MAY CH2
ILkAD~lA (L ~

ICON 0
I INULL L
0)

I I OUAL X I CAAR 1,))
(CADAR 1ý)

I T IMATCH.- ICOR L

(MATICH
tLAMRnA IP M)

4pRon IP1 MI C 0))
(SETO c 0)

(SI sTOPt P)
( SE10 NI M)

A ICOND
I ( NULL Ml

S19



4 RE 7URN 4 04JQtiENT 4LENG IN D )I l
(SETO C (PLUS C (MATCH2 (CAR Pj)

(CAR mt))))
(SETO P1 (COP~ Pt))
(SETO Ml, (CDR Ml))
too A)

(GM
tLAMADA (0 m Wt)

4COND
4 tAND I( WCATCRP I ADtI (LUNGTH PH

ItLENGIN M)4)
(OG1FAYCQP (MATCH P H)

( T N IL)

(LA#4fA(A 40)
4COND

4 ANI) ( COUAL t, ( LtNrjTM 0'
(Om p lavo1t (A r I v R N))

I( AND~ (COUAi, 4 (L FNGH P)
tnm p (MUOtC I5 s 0 PH
NJ))

OLI Y c 1 4 ~TQ oi
% I AND) ( EGIJAL % 4 LrNGTH P )

4 OmX P t01Ty (P A U 9
NJI ))

I((AND I(E~t)AL 6 t LENGTH PH
4(GM P 1 0110If ( 0 N I I N U )

H4 I) )
( GIJOTV ( CONY IlJuE

I I AND) 4 rO'IAl.I (i tANGTH P) )
CIH P 1 01104l ( F N fŽ)

(OIOE))~ ))
0400Y ( Ol'ViE4;()S ~ i

H4 )

II AND) Ofm P I4IJ UTE ( r' 0) !;P

tCIQfA TrPP I NUMVAL ( NF 1. 4 P)

Hp))

((GlM P (0001Fr (C 0 1 0))
H)

(fO O )



(UCALL P))
k((GM P (QUOTE: ( U P P0U I I NEF))

H)
(USARTN P))

((GPI P IOUOiF: (D) I M E N S 1O0N))
H)

(UDIM P)) A SC)K

(UPAU'3C P))
440m P (QUOTE (c C) M OW 0 N))

(UCOM P))
440)M P (OU01C 4F 0 R M A T))

(UrORM P))
(40M P (0tUOTC (A C C F: P T SP I A P E))

14
(UACCIP) P))

MtGM P 40UOTIr (I r LR S r N S C SP S W I T C H4))
H)

(UtVtsý p))
((IM P (OVOTE (A S S 1 0. N))

H)
IUASSIGN P))

(lam P (OUOIC fA c~ c c: p ))
H)

U~AC0 P3
i I Om P 4 OUO T E i N 0 SP F I L .C)

H)
(IJCP P))

f((M P I Oli01 I~ r N ir Y 1 0 N)
H)

I LJCN P))
440M P IOU~tE (C 0 U I Y A L E: N C E:))

4)
(Ucov P))

440M P (OUOIC (P U N V' 4 SP I A P r))
H)

(UPNTP P)
((GM P 4OUOtF: IP ', N C 14))

'4)
(UPN('4 P))

WIMNP (OUQIF: (T Y PCF))
H)

flJYYPr P))
(()M P (OUOT'C (RC AO0SP I A PE))

H)
(URDTP P1)

(GM P (OUOTF: (N R A D SP I N P U I SP' I A P 1'.
HI)

(URIT P))
(OM P (OIJOTF: ( R F A 0n

H)



(UREAD P1)
f(GM P (QUOTE (4P W I N 0)),] H)

(UpWNO P))
-(OM P (0UOTE 4W P T T F SP 7 A P E))

Hi)
(UWT P))

1((OIH P (OUOTE (P R I N T))
Mt

(UPRNI P))
((G)M P (QUOTE (S E N S f SP L I G H T))

4 H)

(U'SL P)
((OH P (OUOTE (e A 0 K S P A C E))

(UFSP
((GM P (OWOE (I F SP F L 0 A T I N G SP 0 V E R r L 0

W))

S((QM P 0O0JO ( W R ! I ESP 0O U T P U I SP T A P )
H)

(UWOT R))
((OM P (M)UOYE (I F LA S C N S E SP L I G T))

H I
!UF I Sl. P)

-((GM P 4 J0111C (I F SP))
H )

(UI FS P)
I(GM P I01JTV 41 r 4 ))

H )
I( lFtL P))

I I AS (D(TCE 1

(SY
(LAMPOA (P1

-STYPE (SPACE P)))

* (NUMVAL
(LAMODA (L)

(COND
I (NULL, I.

0)
I f NUlM FRO (C•,AP L ))

( CADAR L. )
I I T (NUMVAL (CDR L))))))

IAl T I
(LAMPDA (L)

(MAPCAN L (FUNCTION CAR)))

(A T
iLAM140A (P)

4 HAPrAR P (VFLPNCT ICN Al I))))

ip



S(LAMBDA (K)
(CONt)

((NULL KI
NIL) .

4 ((NUMSERP (CAR X))
CCAR K))

y (NUM2 (COP K))))))-
(NtJM3S(~~ NUM 3 .

(LAMBDA (A)
"(MAPCAR A (FUNCTION NI-M2))))

( NIIMI
(LAMBDA (A)

(COND
((MEMBER NIL (NUM3 A))

NIL)
(Y (NUM3 A)))))

( UCOi
(LAMBDA (P N)

(CONO
((EGUAL NIL (NUMI (ALI (TAIL P N))))

(0UOTE (MISSING NUMBERS IN GO TO SIATEMCNT)))
(Y (COND

S((EOUAL 7 N)
(APPEND (OtIOTE (C 0 SP T 0 SP))

(NUMI (ALT (TAil P 7)))))
((EOUAL 6 N)

(APPEND (QUOTE (G 0 T 0 SP))
(NUMI (ALl (TAIL P l)TU)))

(NMTCH
S(LAMBDA (P)

(PROG (C D)
(SETO C 0)
(SETO D (LENGTH P))

A (COND
S(( NULL P)

(RETURN (OIJOTIFNT C D))))
(SETO C (PLUS C (NUMVAL (CAR P))))
(SETo P (CDR P))
(GO A)

(MFM2
* •(LAMBDA (W A)

(COND
((NULL A)

NIL)
((MEMBER X (CAR A))

T)
m)

m ,I

m 1



(T (MEM2 X (CDR A))))))

(LAMBDA (P)
(UGOX P 7)))

(Ur•OTO
-- • (LAMBDA (P)

(UGOX P 6)))

(UGOX
(LAMBDA (P N)

((LAMBDA (X)
"(COND

((AND (GPEATERP (NMTCH X)
H3)

(LESSP (LENGTH X)
6)

(ALLNUMP XW
(UGOI P N))

((AND (MEMESrR LB (ALTI (NEL N P)))
(MEM2 Co (ALT X))
(MEM2 RD (ALT X)))

(UCGT P N))
(T (UAS(,T P N))))

(TAIL P N))))

(ALLNUMP
(LAMBDA (P)

((LAMBDA (A)
(COND

((NULL (NUMI A))
NIL)

(T T)))
(ALT P)?))

(HFAD
(LAMBDA (P N)

(HEADi (CDR P)
N
(LIST (CAR P)))))

(U4ADI
(LAVBDA (P C U)

(COND
((NULL P)

(REVERSE U))
(('OUAL C 1)

(REVFPSF U))
4T (HEADI (COP P)(SUBi C)

(CONS (CAP P)
" ~u))))))

-- )! ) )



TiLAMBDA (P N)
(CONDf ( NULL,'P

NIL)
((EOUAL N 1)

P)
(T (TAIL (CDR P)

(SUBI N))))))

(r\uMEMo
(LAMBDA (A)

i COND
((NULL A)

NIL)
((NUMqERP (CAR A))

T)
IT (NUMEM (CDR A))))))

(UPAUSE
(LAMBDA (P)

(COND
((NULL (NUMI (ALT (TAIL P 7))))

(OUOTE (MISSING NUMBER IN PAUSE STATEMENT)))
(T (APPEND (OUOTE (P A U S E SP))

(NUMI (ALT (TAIL P 7)))))))

(UASGT
iLAMBDA (P N)

(COND
((NULL (VAR (TAIL P N)))

(OUOTE (NO VARIABLE IN ASSIGNED GO TO)M)
(T (APPEND (OUOTE (G 0 SP T 0 SP))

(VAR (lAIL P N)))))))

(UCGT
(LAMBDA (P N)

((LAMBDA (X)
(COND

((NULL X)
(OUOTE (CANT RESOLVE COMPUTED GO TOM))

(T (APPEND (OUOTE (G 0 SP T 0 SP))
x))))

(UCGT2 (TAIL P N)))))

(UCGT2
(LAMBDA (P)

((LAMBDA (A)
(PROG (C U V 0)

(SETO C 4)
LOOP( COND

((LESSP (LEN6T;4 A)
5)

(RETURN NIL))

55



"((NOT (AND (NUMEM (CADR A))
(MEMBER RB (CADOR A))
(OR (MEMBER SP (CAUDDR A))

(MEMBER CO (CADODR A)))))
(Go B)s)

4SET0 U (BINILIST (DESPACEI (HEAD P (SUBI C))")

(COND
((NULL U)

(GO B)))
(SETO V (EXP (DESPACE (TAIL P (ADIl C)))))
(CONO

((NULL V)
(GO 8)))

(SETO 0 (APPEND (OUOTE (SP))
V))

(RETURN (APPEND U 0))
B (SETO C (ADD1 C))

ISEYO A (COP A))
(GO LOOP)

R)))
4ALT P))))

(nlSPACE
(LAMBOA (P)

(COND
((ONULL P)

NIL)
((EQUAL SP (CAAAR P))

(DESPACE 4CDR P)))
tT (CONS (CAR P)

(DESPACE (CDR P)))))))

(UIFS
(LAMBDA (P)

((LAMBDA (A)
(COND

((MEMFEQ SP (CADDR A))
(UIiSi (UIF (DESPACE (CDDDR P)))))

((MEMt3ER L9 (CADDR A))
(IJTFL P))

(T (OUOTE (CANT RESCLVE IF STATEMENT)))))
(ALT P))))

(LAMBDA (P)
((LAMRDA (W)

(COND
((N;LL X)

(QUOTE (CANI RESOLVE IF S7ATEMENT;))
(T (APPEND (OUOTE (I F))

X))))
(UfF (DFSPACE (CDDR P))))))

S~56



?I

(UZFS1
(LAMBDA (X)

(COND
((NULL X)

(OUOTE (CANT RESOLVE IF STATEMENT)))

4T (APPEND (QUOTE (1i F SP!)
Xi)))))

(LAMBDA (P)
((LAMBDA (A)

(PROC (C U V)
(SETO C 1)

F (COND
((LESSP (LENGTH A)

7) 7)
(RETURN NIL))

((NOT (AND (NUMEM (CAR A))
(MEMBER CO (CADR A))
(NUMEM (CADDR A))))

(GO 8)))
(SETO C (PLUS C 2))
(SETO A (CDDR A))

E (COND
((LESSP (LENGTH A)

(RETURN NIL))
((NOT (AND (NUMEM (CAR A))

(MEMBER CO (CADR A))
(NUMEM (CADDR A))))

(GO 0)))
H (COND

((LESSP (LENGTH A)
4)

(RETURN NIL))
((NOT (ANO (NUMEM (CAR A))

(MEMBER RB (CADR A))))
(GO G)))

(SETO U (IFLIST (REVERSE (HEAD (REVERSE P)
C))))

(COND
i(NULL U)

(GO G)))
(SETO V (EXP (REVERSE (',%;L (REVERSE P)

(ADDI C)))))
(COND

((NULL Y)
(GO G)))

(RETURN (APPEND V U))
G (SETO C (A*00 C))

(SETO A (CDR A))
(GO H)

0 (SETO C (ADDI C))
(SETO A (CDR A))
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(GO E)
a (SETO C (ADDi C))

(SETO A (CDR A))
(GO F)

(REVERSE (ALT P)))))

(UDO
(LAMPDA (P)

((LAMBDA (X)
(COND

((NULL X)
O(UOTE (CANT RESOLVE 00 STATEMLNT)))

t (T (APPEND (OUOTE (D 0 SP))
X))))

(UDOI (CDDDR P)))))

(UDOI
(LAMRDA (P)

((LAMBDA (A)
(PROG (C O U V)

(SETO C 4)
LOOP( CONn

(fLESSP (LENtf- A.)
7)

(RETURN NIL''
((NOT (MEMBER 'E\ (CAODOR A)%)

GO 8)))
(SETO U (FRONTOO (HEAD P (SUBI C))l
(COND

((NULL U)
(GO B)))

(SETO V (B•:'.) (UESP.Cr (TAIL P ýADO1 C))).1
(COND

((NULL V)
(GO 8))

(SETO 0 (APPEND UWOTE (El))
V t))

(RETU!N (APPEND U O))
3 (SETO C (ADDI C))

(SETO A (COR A))
(GO LOOP)

(ALT P))))

(FPONTDO

(LAMBDA (P)
CLAMRDA (A)

(PROG (C 0 U V At)
(SETO r --
(SETO -j A)

L r ~P ( CO' l.

ALESSP (LENGITH A)

2)
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(RETURN NIL))
C INOT (MEMBER SP (CADP AM)

(GO B)))
(SETO U (NUMI (HEAD Atl (SUBI C))))
iCOND

((NINULL U)
(GO 8))

(SEO v(IDNT DESPACE (TAIL P (ADDI C))))
:, ~~~( (NULL V)•:'...

---- • (GO 0B) )) .

(SETO 0 4APPEND (LUOTE (SP))
V))

(RETURN (APPEND It 0))
a (SETO C (ADf!1 C))

(GO LOOP)

IALT P))))

(RACKDO
(LAMBDA (p)

((LAMBDA IA)
(PROG (C O U V)

(SETO C 2)
TAGI( COND

((.ESSP (LENGTH A)
2)

(RETURN (BACK0O0 P)))
(INOT (MEMBER CO (CADR A)))

(GO S)))
(SETO U (EXP (HEAD P (SUS1 C))))
(COND

((NLULL U)
11 8))) p

(SE'O V (lEXP (TAIL P (AODD C))))

'NUILL V)
IGO fsn

(SETO 0 (APPEND (QUOTE (CO))
V))

(RETURN (APPEND U 0))
B (SETO A (Cf)k AP))

(SETO C 1ADDI C))
--(G0 TACI )

(ALT P))))

(BACK00t
(LAMB0A (P)

, (LAMBOA (A)
S(PPOG (C U V 0)

4SET(* C 2)
F ICOND



4'

((LESSP (LENGTH A)

(RETURN NIL))
((NOT (MEMBER CO (CADR A)))! (Go Bk))

(SETO U (EXP (HEAD P (SUeI C))))
(COND

((NULL U)
(GO 9)))

"4(ETO V (BACKD02 (TAIL P (ADD1 C))))
(COND

((NULL V)S... . ((o B)))

(SETC, 0 (APPEND (OUOTE (CO))
V))

(RETURN (APPEND U 0))B (SETO A (COR A))

(SETO C (ADDt C))
(00 F)

(ALT P))))

(R•ACKD02

(LAMBDA (P)
((LAMBDA (A)

(PROG (C U V 0)
(SETO C 2)

F (COND
((LESSP (LENGTH A)

3)
(RETURN NIL))((NOT (MEMBER CO (CADR A)))
(GO B)))

(SETO U (EXP (HEAD P (SUat C))))
( COND

((NULL U)
(Go B)))

(SETO V (EXP (TAIL P (ADDI C))))
(CO ND

((NULL V)
(GO B)))

(SETO 0 (APPEND (QUOTE (CO))
V))

(RETURN (APPEND U 0))
B (SETO A (CDR A))

ISETO C (ADDI C))
(GO r')

(ALT P))))

(LAMSL. (P)
H(LAMBDA (A)

(PROG (C u v o)
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(SETO C 2)
•. LOOP(COND

OO( (LESSP (LENGTH A)

3)
(RETURN (QUOTE (CANT RESOLVE ARITHMETIC ASSIGNMENT

STATEMENT))))
((NOT (MEMBER ES (CADR A)))

(Go 8)))
(SETO U (VAR iNEAD P (SUBe C))))
ICOND

((NULL U) .-

(GO 8)))
(SETO V (EXPH (TAIL F (ADDi C))))
(COND

((M(ULL V)
(00 8)))

(SETO 0 (APPEND (QUOTE (ES))
v))

(RETURN (APPEND U 0))
B (SETO C (ADDI C))

(SETO A (CDR A))

(GO LOOP)

(ALT P))))

( UASS IGN
"(LAMBDA (P)

((LAMBDA (X)
(CON 0

((NULL X)
(OUOTE (CANT RESOLVE ASSIGN STATEMENT)))

(T (APPEND (QUOTE (A S S I G N SP))
X))))

(UASSIGni (TAIL P 8)))))

(UASSIGNJ
(LAMBDA (P)

((LAMBDA (A)
(PROG (C U V 0 Al)

(SETO C 3)
(SETO Al A)

LOOP( COND
((L•'•rSP (LENGTH A)

(ý41TURN NIL))
((NOT (AND (MEMBER 7 (NEL 3 A))

IMESE 0 (NEL aA))))
(GO 0) ) )

(SETO U (NUMI iHEAD .1l (DIFFERENCE C 2))))
(COND

((Nil-L U)
(GO B)))

(SETO V (VAR (TAIL P (PLUS C 3))))
(COND
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((NULL V)
(SETO 0 (APPEND (OUOTE (SP T 0 SP))

• , V))

(RETURN (APPEND U 0))
8 (SETO C (ADDI C))

(SETO .4 (CDR A))
(GO LOOP)

(ALT P))))

(UFN
(LAMBDA (P)S((4LAMSD-, (X)

(COND
¶ (((NULL X)

(OUOTE (CANT RESOLVE FUNCTION STATEMENTI))
(T (APPEND (QUOTE (F U N C T 1 0 N SP))

X))))
(UF'N (DESPACE (TAIL P 10))))))

(UFNI

(LAMSDA (P)
((LAMODA (A)

4PROG (c U V)
(SETO C 2)

LOOP( COND
((LtSSP (LENGTH A)

4)
(RETURN NIL))

((NOT (MEMBER LB (CADR A)))
(GO 8)))

(SETO U (IDENT (HEAD P (SUBi C))))
(COND

((NULL U)
(GO 8)))

(SETO V (BIDLIST (TAIL P C)))
(CONO

((NULL V)
(GO 8)))

(RETURN (APPEND U V))
8 (SETO C (ADDI C))

(SETO A (CDR A))
(GO LOOP)

(ALT P))))

(UrALL
(LAM•D& (P)

l(LAMBPA (X)
(COND

= ( I NUL`- X

(OUOTE (CANT RESOLVE CALL STATEMENT)))
(T (APPEND (OUOTE IC A L L SP))
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xr

(UCALLi (DESPACE (TAIL P 6))))1)

(UCALLI
(LAMBDA (IP)
((LAMBDA (X)

( CONO

((NULL X)
(UCALL2 P))

(T X)),"
(bIENT P));I

(UCALL2
(LAMBDA (P)

((LAMBDA (A)
(PROG (C U V) .

(SETO C 2)
LOOP(COND

((LESSP (LENGTH A)
4)

(RIETURN NIL))
((NOT (MEMBER LB (CADR A)))

(GO B)))
(SETO U (IDENT (HEAD P (SUBI C))))
(COND

((NULL U)
(GO 8)))

(SETO V (EXPL (TAIL P C)))
(COND

((NULL V)
•-i (GO 8)))

(RETURN (APPEND U V))
8 (SETO C (ADDt C))

(SETO A (COR A))
(GO LOOP)

(ALT P))))

(USBRTN
(LAMBDA (P)

((LAMBDA (X)
(COND

((NULL X)
(OUOTE (CANT RESOLVE SUBROUTINE STATEMENT)))

(T (APPEND (QUOTE (S U 8 R 0 U T I N E SP))
X))))

IUSBRTNI (DESPACE (TAIL P 12))))))

(USBRTNI

(LAMBDA (P)
((LAMBDA IX)

(COND
((NULL X)

(USBRTN2 P))
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(T X)))
(IDENT P))))

(USBArN2
(LAMBDA (P)

((LAMBDA (A)
(PROG (C U V)

(SETO C 2r
LOOP( COND

((LESSP (LENGTH A)•;" 4)

(RETURN NIL))
((NOT (MEMBER LB (CADR W)

(GO B)))
(SETO U (IDENT (HEAD P (SUBI C))))
(COND

((NULL U)

(GO 8)))
(SETQ V (SIDLIST (TAIL P C)))
(COND

((NULL V)
(00 B))

(RETURN (APPEND U V))
B (SETO C (AnDi C))

(SETO A (CDR A))
(GO LOOP)

(ALT P))))

(UrOM
(LAMBDA IP)

((LAMBDA (X)
(COND

((NULL X)
(OUOTE (CANT RESOLVE COMMON STATEMtENT)))

(T (APnEND (QUOTE (C 0 M M 0 N SP))
Xi)))

(IDLIST (DESPACE (TAIL P 8))))))

(UDIt
(LAMBOA (P)

((LAMBDA (x)
(COND

((NULL X)
(OUOTE (CANT qESOLVE DIMENSION STATEMENY)))

(T (APPEND (QUOTE (D I M E N Z 1 0 N SP))
X))))

(DIMLIST (DESPACK (TAIL P 11))))))

(UACC
(LAMBDA (P)

((LAMBDA iX)
(COND

((NULL X)



(OUOTE (CANT RESOLVE ACCEPT STATEMENT)))

(T (APPEND (OUOTE (A C C E P T SP))

IGENJO (TAIL P 8)}))))

(UPNCA4
(LAMBDA (P)

((LAMBDA (X)
(COND

((NULL X)
(QUOTE (CANT RESOLVE PUNCH STATEMENT)))

fT (APPEND (OUOTE (P U N C H SP))
X))))

(GENIO (TAIL P 7)))))
S~( UPNTP I

(LAMBDA (P)
(( A B) (X)N

((NULL X)

(QUOTE (CANT RESOLVE PUNCH TAPE STATFMENT)))
(T (APPEND (QUOTE (P U N C H SP T A P E SP))

(GENTO (TAIL P 12)))))

(UPEAD
(LAMBDL (P)

((LAMBDA (X)
(COND

((NULL X)
(QUOTE (CANT RESOLVE READ STATEMENT)))

(T (APPEND (QUOTE (R E A D SP))
Xl))))

(GENIO 4TAIL P 6)))))

(UT YPE
(LAMBDA (P)

((LAMBDA (X)
(COND

"((NULL X)
M(UOTE (CANT RESOLVE TYPE STATEMENT)))

(T (APPEND (QUOTE (T Y P E SP))
~x~)))

(GENIO (TAIL P 6)))))

(UACCTP
(LAMBDA (P)

((LAMBDA (X)
(COND

(NULL XI
(QUOTE (CANT RESOLVE ACCEPT TAPE STATEMENT)))

(T (APPEND (QUOTE (A C C C P T SP " A P E SP))

XI)))IOENIO (TAIL P 1.3)))))
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.UPRNT
(LAMBDA (P)
((LAN8DA (X)

(COND
I((NULL X)

(OUOTE (CANT RESOLVE PRINT STATEMENT)))
(T (APPEND (QUOTE (P R I N T SP))

SxK))))
(GENIO (TAIL P 7)))))

(GFNIO
(LAMBDA (P)

((LAMBDA (A)
(PROG (C U V 0 Al)

(SETO C 2)
(SETO At A)

LOOP(COND
((OR (LESSP (LENGTH A)

3)
(GREATERP C 6))j (RETURN NIL))

(4NOT (AND (NUMEN (CAR A))
(MEMBER CO (CADR A))))

(GO 8)))
(SETO U (NUMI (HEAD Al (SUB± C))))
(COND

((NULl U)
(GO 8)))

(SETO V (IOLIST (TAIL (DESPACE P)
(ADDi C))))

(COND
((NULL V)

(GO B)))
(SETO 0 (APPEND (QUOTE (CO))

V,)
(RETURN (APPEND 1) 0))

B (SETO C (ADDI C))
(SETO a (CDR A))
(GO LOOP)

(ALT (DESPACE P)))))

( UFF
(LAMBDA (P)

((LAMBDA (X)
(COND

((NULL X)
(GUOTE (CANT RESOLVE ENkD FILE STATEMENT.))

(T (APPEND (OUOTE (E N D SP F I L E))k))))
lEXP (DESPACE (TAIL 13 10))))))

(UPWND



(LAMBDA (P)
((LAMBDA (X)

(COND
((NULL X)

(OUOTE (CANT RESOLVE REWIND STATEMENT)))
UT (APPEND (OUOTE (R E W I N D SP))L X ))))

(EXP (DESPACE (TAIL P 8))))))

( URSP
(LAMBDA (p)
((LAMBDA (X)

(COND Xi(~(NULL X)

(QUOTE (CANT RESOLVE G;4%:KSPACE STATEMENT)))
(T (APPEND (QUOTE (B A C K S P A C E SP))

(EXP (DESPACE (TAIL P li))Ml

INIT

(LAMBDA (N)
(INITI N NIL)))

( IN1ITI
(LAMBDA (N U)

(COND
((EQUAL N 0)

U)
(T (INIT1 (SUBI N)

(CONS I U))))))

(DECMOD2
(LAMBDA (N)

(REVERSE 4DECMOO21 (REVERSE N)))))

(DECMOD21
(LAMBDA (M)

(COND
((NOT (MEMBER I N))

NIL)
((EQUAL 1 (CAR M))

(CONS 0 (CDR M)))
(T (CONS I (OECMOD21 (CflR M)))))))

SPMLAB
(LAMBDA (P PMLIST C)

((LAMBOA (X)
(COND

((NULL P)
NIL)

((NULL (CDR P))
(REVERSE PMLIST)l

I(OR (MEMBER PL X)(MEMBER MI X)
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"N -

(MEMBER AS X)
(MEMBER SL X))

(PMLAB (CDR P)-•" (CONS C PML|ST)

(AD01 C)))
(T 4PMLAB (CDR P)

PMLIST
--Li (AD01 C)))))
(ALTt (CAR P)))))

Si (S~C

(LAMBDA (X M N)
(COND

((EQUAL M (SUtBI N))
NIL)

((OREATERP N (LENGTH X))
(TAIL X (ADDOI M)))

(T (HEAD (TAIL X (ADO1 M))
(DIFFERENCE (SUet N)

M1))))))

(EXPH5
(LAMBDA (P CD U V)

(COND
((NULL V)

U)
(1 (EXPH5 P tCDR CO)

(CONC U (OP (NEL (CAR CO)
S~p);

(CAR V))
(CDR V))))))

(OP
(LAMBDA (L)

(COND
((NULL L)

(OUOTE (ERROR)))
((OR (EOUAL (CAAR L)

PL)
(EQOUAL (CAAR L)

MI)
(FOIIAL (CAAR L)

AS)
(FOUAL (CAAR L)

SL))
(LIST (CAAR L)))

(T (OP (CDR L))))))

"(EP H3
(LAMROA (P CD)

(4LAMBDA IX)
(COND

((NULL X)
NIL)
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(T (EXPH5 P CD (CAR X)
,(CDR X)))))

"(EXPH4 NIL (EXPH41 P (CONS 0 (APPFND CD (OUOTE (1000))

: ~NIL))!))):

iExPHa
(LAMBDA (U V)

(PROC (R)
LOOP( COND

((NULL V)
(RETURN (REVERSE U)))

((-REATERP (LENGTH (CAR V))

HE) V
(RETURN NIL)))

(COND
((NULL (CAR V))

(RETURN NIL)))

(SETO R (EXP (CAR V)))
(CONO

((NULL R)
(RETURN NIL)))

(SETO u (CONS R U))
(SETO V (CDR V))
(GO LOOP)

(EXPH41
(LAMBDA (P CDA W)

(CONO
((NULL (COR CDA))

(REVERSE W))
(T (EXPH41 P (CDR CDA)

(CONS (SEG P (CAR COA)
(CAOR CDA))

• W))))))

(EXPH2
(LAMBDA (P PMLIST UPTO)

(EXPH3 P (DBD NIL PMLIST UPTOI)))

( DBD
(LAMBDA (1) PMLIST UPTO)

(COND
((NULL UPTO)

(REVERSE U))

((EOUAL I (CAR UPTO))
(D6D (CONS (CAR PMLIST)

U)
(CDR PMLIST)
(CDR UPTO)))

(T (DBD U (CDR PMLIST)
(CDR UPTO))))))



(ExPH
(LAMBDA (P)

f(COND
((NULL ICOR P))

(EXOP P)
iT ((LAM9DA (PMLIST)

(COND
f(LESSP (LENGTH P)

WE)
(EXP P'))

((NULL PMLlST)
NIL)

(T (YPH P MLIT (NIT(LENGTH PMLIST)))f))(PMLAS (CDR P)
* NIL

* (EXPHJ
(LAMBDA (P PMLIST UPTO)

4COND
((NULL UPTO)

* NIL)
(T ((LAMBDA (X)

(CONO
((NULL (EXPP Xi)

(EXPHI P PMLIST (DECMOD2 UPTO)))
(T X))

(EXPH2 P PMLIST UPTO)))))

(LETTERP
(LAMBDA (A)

(MEMBER A LETTERLIST,)))

(DIG!TP
(LAMBDA (A)
(MEMBER A DIGITLIST))

(SPEC IALP
(LAMBDA (A)

(MEMBER A SPECIALLIST)))

(ANP
tLAMPVA (is)

(OR 4LETTERF' A)
(DIGTTP A))))

(SIGNP
(LAMBDA (A)

(OP (FAO A Pt.)
(EE a Ml))))

(F YPP

4LAMPDA (tL)
(NULL ISEXP LU)))
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(EXPLP

(NULL (SEXPL ~)

(SF~XPL
(LAMBDA CL)
ICONO

((NULL L)
ERRL)

(T (SCOEXPLON (SEXP ))y

(SCOEXPLON
(LAMBDA IL)

(CQND
(NULL 1. 1

f(EQ (CAR 1

(SEXPL (COR L)),
fT L)f

(SFXP

(COND
((NULL L)

ERRL)
44SIGNP (CAR L))
(SUEXP (CD9R L)))

(SIJEXP
(LAMBDA L

F (COND
((NULL L)
ERRI)

47 (SSEXPON (STERML))~

(SSEXPON
(LAMBDA(1

(COND
( (NULL L4

((SIGNP (CAP L))
(SUExP (COR Ll))

(T L))))

(STE9RM
(LAM4BDA (L,

(CONO
((NULL 1)

ERRL)
(T f SFONTERM SFACrTmos,))



* (SFACTOR
(LAMBDA (L)

(COND
-- . ((NULL L)

.•ilERRIL

(T (SEONFACTOR (SPRItARY L))))))

(SPRIMARY
(LAMBDA (L)
(CONO

(INULL L)
ERRL)

((LETTERP (CAR L))
(SVFON (CDR L)))

4(OR (DIGJYP (CAR L))
(EO (CAR L)

PE))
4SCONSTANT L))

((EO (CAR L)
LB)

(T(S8EXP L))• ~~(T E:RRL.) )) )

(SVFON
(LAMBDA (L)

(COND
((NULL L)

L)
((ANP (CAR L))

(SVFON (CDR L)))
((EO (CAR L)

(SBEXPL L))
(T L))))

SQFXP
(LAMBDA (L)

(COND
((NULL L)

.((E (CAR 1,)
LB)

(SRB (SEXP (CDR L))))
(T ERRL))))

(SPEXPL
(LAMBDA (L)

(COND
((NULL L)

ERPL)
((EO (CAR L)

LB)
(SPR (SEXFL (CDR L))))

iT ERRL))))
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(LAMBDA (L)
t(COND

((NULL L)
ERRL)

((EO (CAR Li
RB)

(CDR L)

(SFONTERN
(LAMBDA (L)

(COND
((NULL L)
L)

((OR (EQ (CAR L)
AS)

(EO (CAR L)
SL))

(STERN (CDR LM)
(T L))))

(SEONFACTOR
(LAMBDA (L'ý
4 COND

.(NULL L)
L)

((NULL (CDR L))
L)

((AND (EO (CAR L)
AS)

(EO (CADR L)
AS))

(SFACTOR (COUR LM))
(T L)i ))

(SONSTANT
(LAMBDA (L)

(COND
((NULL L)

SERRL)
(T 4SE£Jý' (SPREFIX L))))))

(SPREFIX
(LAMBDA (L)

(COND
((NULL L)

ERRL)
((DIGITP (CAR L))

(SINDOTON (CDR L)))
((EO (CAR L)

PE )
(SPREDOT (Cr)R L)))
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fT ERRLO)))

SPFRDOT
(LAMBDA (L)

(COND
((NULL L)

•_ ERRL )

((DIGITP (CAR L)
(SINTEGERON (COR L)))

(T ERRiLl))

( S INTEGERON
(LAMBDA IL)

(COND
((NULL L)

L)
I(DtGITP (CAR L))

(SINTEGERON 'CDR L)))
(T L))))

(SINDOTON
(LAMBDA (L)

(COND
((NULL L)
L)

((DIGITP (CAR L))
(SINDOTON (CDR L)))

((NOT (EO (CAR L)
PE))

L)
((NULL (CDR L))

NIL)
((DIGITP (CADR L))

(SINTEGERON (CDOR LM))
(T (CDR L))))

(SEON
(LAMBDA (L)

(CONO
((NULL L)

L)
((ED (CAR L)

(OUOTE E);
(SSINT ICDR L)))

IT LI))))

4SSINT
(LAMBDA (L)

(COND
(( NULL L)

ERRL )
((DIGITP (CAR L))

(SINTEGERON (CDR L)))
((NULL (CDR LI)
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ERRL)
(IAND (SIGNP (CAR L)

(DIO!1P (CAOR L)))
(SINTEGERON (CDDR L)))

(I ERRL)~))

('SVAR
(LAMBDA (S)

((NULL S)
ERRL)

(T (SBEXPLON (SI S)0)

(51LAMBDA (S)
(CONO

((NULL 1~
ERRI)

((LETTERP (CAR S))
(SANON (CDR S)))3

fT ERRLn)))

(SaNON
(LAMBDA IS)[

(COND
((NULL S)
S)

((ANP (CAR S))
(SANON (CDR Sf))

IT sm))

(SPEXPLON
(LAMBDA IS)

(CONO
((NULL S)
S)

((EO (CAR S)
LB)

(SBEXPL S))
(T S))))

ISPIDLIST
(LAMBDA (S)

(COND
((NULL S)

ERRL)

LB)
(SR13 (SIDLIST (CDR S)3'3)

IT ERRL))))

(SIDL IS?
(LAMBDA IS)I (CONO
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((NULL S)

(T (SCOIDLISTON (SID S)))?)))

(SCOIOL ISTON
(LAMPDA (S)

(COND
((NULL S)

t(EQ (CAR S)
CO)

(SYDLYST (CDP Sý))
(T M)))

(SPINTL 1$?
(LAMPEIA (S)

(COND
(tNUJLL S)

ERRL)
((EO (CAR S)

LB)
(S-R8 (SINTLIST (CORS)

(T ERRL))))

(SINTLIST

(LAWBOA (5)(COND
((NULL S)

(1 (SCOINTL!STON (SINTEGERL S))))))

I SCO INIL ISTON
(LAHMtDA S

(COND
((NULL S)
S)

EIEC (CAR S)

(SINYIST (CDR S)))
IT sm)1

fS!NlFGERL

(L. AMPODi t s
(COND

((NULL S

((NOT (D!OITP (CAR S)))
URPL )I

(IFOUAJ, I CAR S)

U(PROG (N P)
(SETO N (tFNGTPý S~)
(SFTO P(SINIEGi-4S))
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(SETO N IDIFFERENCE N (LENGTH R)))
(CONOr ((GREATERP N 5)

(RETURN R)

(S INTEGER
(LAM4BDA (S)
(COND ,

((NULL S) Lý

ERRL)
(4M~ITP (CAR S))

(StNTEGEIRON (CDR S)))
I T Er,!RL))

(STNJTTRIPLE
(LAMBDOA (S)
(SCOINTPAIR (SINTEGER SM))

(SCOINYPAIR

(LAt#9DA (S)
(CONO

((NULL S)
ERRL)

((EQ (CAR S)
CO)

(SINTPAIR (CDR SI))
(I ERPI)))

( S INTPA IR
(LAMBDA (S)
(SCOINT (SINTEGER SM))

(SC~OINY
(LAP16DA (S)

f COND
I(NULL S)

ERRL)
((E0 (CAR S)

co)
4StNTIFGER (CDR SI)))

IT ERRL))))

(SnIMLIST
(LAMBDA IS)

(COND
((NULL S)

ERIPL)
(T (SCODIMLISTON (S9LIMLIST (SID S))))f))

(SrODIMLISTON
eLAMPDA (SI

(CONt)



((NULL S)i s)
((E0 (CAR S)

CO)

(SDIMLIST (CDR Sl))
(T S))))

(SHLIMLIST
(LAMRDA (S)

(COND
((NULL S)

ERRL)
((EO (CAP S)

LB)
(SRB (SLIMLIST (CDR S))))

(T ERRL))))

(SLtIMLST
(LAMBDA (S)

(COND
((NULL S)

ERRL)
(T (SCOLIMLISTON (SLIM S))))))

(SCOLIMLISTON

(LAMBDA (S)
(COND

((NULL S)
S)

((EO (CAR S)
CO)

(SLIMLIST (CDR S)))
(T S))))

(SLIM
(LAMBDA (S)

(CCND
((NULL S)

ERRL)
((EO (CAR S)

MI)
(SSINT (SSL (SINTEGER (CDR S)))))

(T (SSLSINTON (SSINT S))))))

(SSLSINTON
iLAMRVA (S)

(COND
((NULL S)

s)
((EQ (CAR S)

SL)
(qSINT (CDP S))

IT S))))



(SSL

ILAMBDA (S)

(COND
((NULL S

S((io (CAR S)

SL)
S(CDR S))

fT ERRL))))

(DYPROG
(LAMBDA (P PRED)

(PROG (U V W X)
(SETO U 0)
(SETO V (BUILD P))

LOOP(SETO X (PEELOFF U V W))
(COND

(%NULL X)
(RETURN NIL)))

(SETO U (CADR X))
(COND

((PRED (CAR X))
(RETURN (CAR Y))))

(SETO W (CADDR X))
(GO LOOP)

(E)eP
(LAMBDA (P)

(DEXP P)))

(DPINTLIST
(LAMBDA (P)

(DYPROG P (FUNCTION SINTLISTP))))

(DEXP
(LAMBDA (P)

(DYPROG P (FUNCTION EXPP)))m

(VARIABLEP
(LAMBDA (S)

(NULL (SVAR S))))

I nENTP
(LAMBDA (S)

(NULL (SID S))

(PRIDLISTP
(LAMBDA (S)

(NULL (SAIDLIST S))))

(IflLISTP
(LAMBDA (S)

(NULL (SIDLIST S))))
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(fATNTLISTP
(LAMBDA AS)

(NULL (SSINrLIST S))))

C INTL!STP
(LAMBDA (S)

(NULL (SINTLIST S))))

( INTEGERP
(LAMBDA (S)

(NULL (SINTEGER S))))

-(qTNTP
f (. APORDA (S)

(NULL (SSINT S))))

( INITTRIPLEP
SiAMPDA (S)

(NULL (SINTTRIPLE S))))

( INTPAIRP Srt AM RIDA (S )

(NULL (SINTPAIR S))))

( DI ML[STP
(LAMRDA (S)

(NULL (SDIMLIST S))))

(LIMLISTP
(LAMBDA (S)

.NULL (qLIMLIST Sm))

(BINTLIST
(LAMBDA (P)

(COND
44LESSP (LENGTH P)

3)
NIL)

((NOT (MEMBERLP LB (CAR P3)))
NIL)

((NOT (MEMBERLP RB 4LASTI P)))
NIL)

4T ((LAMBDA (X)
(COND

((NULL Y)
NIL)

(T (CONS LB (APPEND X (OUOTE (RB)))))))
(INTLIST (INSIDE P)))))))

C LASTII
(LAMBDA (P)

(CAR (LAST P))))
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_(EMBERLP
"(LAMBDA (X L)

7 (COND
((NULL L)

NIL )
((EO X (CAAR L))

• ~T) •

U (MEMBERLP X (CDR L))))))

(INSIDE
(LAMBDA (P) -f"

4i (INSIDEI (COR P)
NIL)))

(INSIDEI

4 LAMBDA (P 0)
S{(COND

I (NULL (CDR P))
(REVERSE 0))

(T (INSIDE! (CDR P)
(CONS (CAR P)

(INTLIST
(LAMBDA (P)

(COND
'(NULL P)

NIL)
((DIGCOPP P)

(INTLISTI (LINILIST P NIL)))
(T NiL))))

(DIGCOPP
(LAMBDA (P)

(COND
((NULL P)

T)
((NOT (DIGCOLP (CAR P)))

NIL)
(T (DIGCOPP (CDR P))))))

(DIGCCLP
iLAMBDA (L)

(COND
((NULL L)

NIL)
((DIGCOP (CAAR L))

T)
(T (DIGCOLP (CDR L))))))

(ODTCOP
(LASIBDA IX)

(COND
((OR (EO X CO)



(DIGITP X))
T)

(T NIL))))

(LINTLIST
(LAMBDA (P 0)

(COND
((NULL P)

(REVERSE 0))
(T (LINTLIST (CDR P)

(CONS (DIGCO (CAR P))

( OGCO
(LAMBDA (L)

(CONO
((DIGITP (CAAR L))

(COMBINE (CAR L)
(COON (CDR L))))

((EO (CAAR L)
CO)

(COMBINE (CAR L)
(DIGON (CDR L))))

(T (DIGCO (COR L))I))

(CnMF3 I NE
(LAMBDA (X Y)

(CONO
((NULL Y)

(LIST X))
(T (LIST X Y)))))

(COON
(LAMBDA (L)

(COND
((NULL L)

NIL)
((EO (CAAR L)

CO)
(CAR L))

(T (COON (CDR L))))))

( DIGON
(LAMBDA (L)

(COND
((NULL L)

NIL)
((DIGITP (CAAR L))

(CAP L))
(T (DIGON (CDP L))))))

( IKTLISTi
_LAMBDA (P)

(PROG (U V W)
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-ii

(SETO U (PICKDIGIT (CAR P))
(CONG

((NULL U)
(RETURN NIL)))

(CONDW ((NULL (CDR P))

(RETURN (LIST U))))
(SETO W (PICKDIGIT (LASHt P)))
(COND

U(NULL W)
(RETURN NIL)))

(COND
((LESSP (LENGTH P)

(RETURN (LIST U W))))

(SETO U (LIST (LIST (LIST U 100))))
(SETO W (LIST (LIST (LIST W 100))))
(SETO V (DINTLIST (APPEND U (APPEND (INSIDE P)

H))))

(COND
((NULL V)

(RETURN NIL)))
(RETURN V)

(DINTLIST
(LAMBDA (P)

(DYPROG P (FUNCTION INTLISTP))))

(PICKDIGIT
(LAMBDA (L)

(COND
((NULL L)

NILi
((DIGITP (CAAR L))

(CAAR L))
fT (PICKDIGIT (CDR L))))))

( IDENT
(LAMSriA (P)

((LAMBDA (A)
ICONO

((NULL A)
NIL)

(iGREATERP (LENGTH A)
1A)

NIL)
((NULL (COIR A))

(STARTVAR (CAR A)))
(T (PROG (U V)

(SETO U (STARTVAR (CAR A)))
(COND

i(NULL U)
(RETURN NIL)))



(SETO V 4RESTVAR (CDR A)
NIL))

( CONE)
((NULL V)

(RETURN NIL)))
IRETURN (APPEND U V))

(ALT Pf)))

(ST ART VAR
(LAMBDA (K)

4 COND
(NULL K)
NIL)

((LETTERP (CAR K))
(LIST (CAR K)))

(T (STARTVAR (CDR K))))))

(Rr-STVAP

(LAMBDA (A 8)
(COND

((NULL A)
(REVERSE 8))

(T ((LAMB3DA (Y)
(COND

((NULL Y)
NIL)

(T (RESTVAR (CDR A)
(CONS Y 9)))))

(RESTVARI (CAR A)))))))

(RFSTVARi

(LAMBDA kK)
(COND

f((NULL K)
NIL)

((ANP (CAR K))
(CAR K ))

(I 4RESTVARi (CDR K))))))

(VAR
(LAMBDA IP)

(IDENT P)))

(PRINT (QUOTE FO32A)l
(SrTOO F032A (qPACE CLPSFT NEL MATCH2 MATCH GM STYPE 5.T NlJMVAL
ALTI ALT NUM2 NUM3 NUMI UG0t NMTCH MEM2 lJG0 UGOTO UGOX ALLNUMP
HEAD HEADt TAIL NUMEM UPAUSE UASGT UCGT UCC-T2 E)ESPACK UJES UPIFL
UIFSl UIF UDO UnoOI FRONTDO BACKDO RACKDOI RACt(V0O2 UAS UIASSIGN
UAqS!GNI UFN UFNI UCALL UCALLt UCALL? USBRTN USBRTNI USBRTN2
oCnm iJOIm UACC UPNCH jiPNTP UREAD UlYPE kuACCTP &JPRNT GENJO UEF
UPwND UBSP INIT INITt DECMOD2 DECMOD2i PMLAB S;EG EYPH5 OP EXPH3
EXPH4 EXPH4i EXPH2 D80 CXPH FXPHI LETTERP DICIIP SPECIALP ANP
SInNP FXPP FXPLP SEXPI SCOFXPLON SFYP SUEYP SSFXPCN STFRM SFACTCnR
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SPRPIARY SVFON SBEXP SBEXPL SRS SFONTERP4 SEONF~ACTOR SCONSTAN'T
SPQEFIX SPREDOT SINTEGERON S!NDOTON SEON SSINT SVAR SID SANON
SBEXPLON SBIDLIST SIDLIST SCOIOLISTON SBINTIIST SINTLIST SCOINTLISTON
SINTEGERI SINTEGER SINTTRIPLE SCOINTPAIR SINTPAIR SCOINT SDIMLJST
ScOOIML!ISTON SOLIML[ST SLIMLIST SCOLIMLISYON SLIM SSLSINTON
SSL DYPROG EXP D8INTLIST OEXP VARIABLEP IDENTP BIDLISIP IDLISTP
RINTLYSTP INTLISTP INTEGERP SIN7P INTTRIPLEP INTPAIRP DIJ4LISTP
LIMLISTP SINTLIST LASTI MEMSERLP INSIDE INSIOEJ INTLYST DIGCOPP
DIGCOLP DIGCOP LINTLIST O!GCO COMBINE COON DIGON INTLISTi DINTLIST
PICKOIGIT IDENT STARTVAR PESTVAR RESTVAR1 VAR))
(PRINT (OUOTE VQ32A))
(SETOO V032A (H HE Hl H2 H3 T 0 SP LB ES AS SL PL MI PE CO OS
PS ERRI. LETTERLIST D!G!TLIST SPECIALLIST))
(SETOO H 40)
(SETOO HE 6)
(SETO0 NJ1 30) 1
(SF~TOO HP2 30)
(SETOO H.3 00)
(SF2700 T T)
(SFT00 0 0)
(SETOO SP SP)
(SFTOO LS LBi)
(SFTOO ES ES)
(SETOO AS AS)
(SFTOO SL SL)
(SFTOG PL PL)
(SFTOO MI MI)
(SET00 FE PF'
(SFT00 Co CO)
(SETOC DS DS)
(SFT00 R8 RR)
(SET00 ERRL (ERR))
(SFTOO LETTERLIST (A 8 C 0 E F G H I J K~ L M N 0 P 0 R S T U
V W X Y Z))
(SETOO DIGITLIST (0 1 2 3 4 5 6 7 8 9))
(SETOO SPECIALLIST (L9 ES AS SL PL MI FE CO DS R8))



(PRINi tOUOTE THIS< FILE WAS CREATED ON))

(PRINT (OUOTE 6-JUNE-1967))

(DEFINEO

(BUILD
i (LAMBDA (APR)

((LAMBDA (U)
(CONS (ORDERED tCAR U))

(CDR U)))
(BUIL01 ARR (CAR APR)

NIL
(NIL

NIL))))

(BUILDI
(LAMBDA (APR CARR ANS CANSW1 CANSW2)

(COND
((NULL CARR)

(COND
((NULL (CDR ARR))

(CONS CANSW2 ANS))
((NULL ANS)

(BUILDI (CDR APR)
(CADR APR)
(LIST CANSw2)
CANSW2
NIL))

iT (BUILDI (CDR APR)
(CADR APR)
(CONS CANSW2 ANS)
CANW2
NIL))))

.( (BUILDI ARR (CDR CARR)
ANS
CANSWI
(ADDON (CAAR CARPR)

(CADAP CARP)
CANSWi
CANSWI
CANSW2 )) ) )

(ADDON
(LAMBDA (I A 9 C D)

(COND
((NULL rF

(PUTI1 A (CONS ! 0)
0))

((NULL C)

0)
(T (ADDON I A 9 (CDR C)

(PUTIN (PLUS A (CAAR C))
(CONS I (CAAR C)':

S~U))))))



(PtT I N
(LAMBoA ,VAL PAIR OLD)

(COND
((NULL OLD) T

(LIST (LIST VAL PAIR)))
4(EOUAL (CAAR OLD)

VAL)
(CONS (APPEND (LIST VAL PAIR)

(CDAR OLD))
(CDR OLD)))

(T (CONS (CAR OLD)
(PUTIN VAL PAIR (CDR OLD))))))) 4

( O RDE RqE D ' i
S ~( LAMBDA (A) i:;

1 ~~(CONO .,D
((NULL CDP A))W

(T ((LAMBDA (U)
(CONS U (ORDERED (DELETE U A))))

(LARGEST (CAR A)
(CDR A)I)))))

(LARGEST
(LAMBDA (C D)

(COND
((NULL D)

C)
((LESSP (CAR C)

(CAAR D))
(LARGEST (CAR D)

(CDR n)))
(T (LARGEST C (CDR D))))))

_• ( DELETE
(LATBDA (ELEM LISTA)

(COND
((NULL LISTA)

NIL)
I(EOUAL ELEM (CAR LISTA))

(CDR LISTA))
Ut (CONS (CAR LISTA)

(DELETE ELEM (CDR LISTA)))))))

(PEELOFF
(LAMBDA (OLDVAL ANS OTHERS)

(COND
((NULL (CAR ANS))

NIL)
((ZEROP OLDVAL)

(DOWNI (NXT ANS)
(CAAAR ANS)
(CDR ANS)
2

87



(FfXO OYHERS ANR I (CAAAR IANS))

(LIST (CHO ANSM)))
((GREATEPP (CAA.AR ANS)

OLD VAL I
(PEELOFF OLDVAL (CONS (COAR ANS)

(COR ANSI)
OTHERS))

(fNULL OTHERS)
(PEELOF ?I (CONS (CDAR ANS)

(CDR AN$))

l(NOT toELONC I CTHEPSI)
(DOWN1 (NXT ANE"')

(CDR ANS)

IFtXO OTHERS ANS I (CAAAR ANS))
(LIST (CHO ANS))))

I CHNOOSE I OLDVA1L I (CtOAAF ANSMM))

rLAMBDA (NEWVAL CY$R CHOICES)
(CONDJ

i(EOULAL (CAADAR OTHRES)

I COW4f(CN I

((iQUAL (CDAVAIN OTHERS)
CYR)

ftNUL I-ORCHOICES))
(PEELOFF 0 C CONIS (CDAR ANS)

(CPP ANSI)
NIL )I

(T (DOWN! (COAOR CHOICES)
NEW VAL

(LIST (CAADR CHICES)ý))))
IT ICNOOM NfWVAL (Arlft CTR)

(CDR CqO!Irs1)M))
4T (DOWN (et)Q q.VNO I C~H01CUS OTHER-, 1))

NFW VA I

ILIST (CAR iFINr, 1 V14Q(*If OIHCP' I )II ))

ft At'PD) (LVI CI 1i~C ld) F')
(CoNfl

4 F01AL t h P T4F SLVLII coffoI



((EOUAL (COADAR OTHERS)

( COND
((NULL (CDR CHOICE))

(BACKUP LVL OTHERS ANSI (REVERSE NLIST)
NIL))

'T (DOWNt (CDADR CHOICE)
NEWVAL -*

(CDR ANSI)
{(ADDI LVL)
(FIXI CTR LYL)
(CONS (CAADR CHOICE)

NLIST)))))
IT (CHOOSE LVL (ADDi CTR)

(CDR CHOICE)))))
IT (DOWNI (CDR (FIND LVL CHOICE OTHERS 1))

NEWVAL
(CDR ANSI)
( ADDI LVL)
OTHERS
(CONS (CAR (FiND LVL CHOICE OTHERS 1))

NLIST))))))

(Fl )t

(LAMSDA (A 8)
(CONS 4LIST ((.AAR OTHERS)

(CONS 9 (ADDt A)))
"(CDR OTHERS))))

(FIXO
fLAMPDA (OTHERS A B C)

(COND
I(NULL (CDDAAR A))

OTHERS)
IT (CONS (LIST C (CONS a 1))

OTHERS )))))

( FINO
(LAMBDA (LVL A B C)

(COND
((EQUAL LVL (CAADAR 8))

(COND
((EOUAL C (CDADAR 6))

(CAR A))
(T (FIND LVL (CDR A)

(AD00 Cr))))
IT (FIND LVL A (CDR 8)

C)))))

I CHO

(LAM9DA (X)
(CAAR (CDAAR XI)))
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(NYT
(LAMBDA (X)

(CDAR (CDAAR X))))

(DOWNI
A ~LAMBDA (LEVEL NEUVAL ANSI I Oft-9RS NLYST)

(COND
((ZFROP LEVEL)

(LIST NLIST NEWYAL CrIHERS))
((NOT (EQUAL (CAAAR PNSi)

LFVFL) ý
(DOWNi LEVEL NEWVj.L (CONS (COAF, ANSI)

(CDR ANS.I)l

OTHERS
* MUIST))

4(NOT (OFLONG I OTHERS))
(DOWNI (NxT ANSI)

* NEWVAL
* I (CDR ANSI)

(ADDt 1)
(FIXO OTHERS ANSI I LEVEL)
(CONS (CHO ANSI W

NL IST)))
(T (CHOOSE I 1 (CDAAR ANSI))))))

( BACKUP
(LAMBDA (COUNT OTHERS2 ANSW2 NLISU3 NLISTA)

(CONO
((OR (NULL OTHERS2)

(NULL Ak4SW2))
(COND

((COAR ANS)
(PEELOFF 0 (CONS (COAR ANSI

(CDR ANS))
NIL))

(T N L )) )
((EQUAL COUNT (CAADAR OTHEPSP))

(COND
((FQUAL (CAAR OTHE4RS2)

(CAAAR iANSW2))
(RI(HTSPOI (FINONXT (CDAAR ANSW2)

I
OTHERS ) ))

(T (WAZKUP COUNT OTHERS? (CONS (COAR ANSW2)
(COP ANSW2))

ML ISTB
NL 15;T ) ) )

((NULL NLISTR)
(BACKUP ( ADDI COUNT)
OTHERS?
(CDR ANSW2)
NIL
NI IST A )
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.T (BACKUP (ADOI COUNT)
OTHERS2
(CDR ANSW2)

(CDR NLISTB)
(CONS (CAR NLISTS)
NL!STA) ))) ))

(RiGHTSPOT
(LAMBDA (U)

(CONO
(U 'DOWNI (CDR U)

NEWYVAL
(CDk ANSW2)
(ADDI COUNT)
(CONS (LIST (CAAR OTHERS2)

(CONS COUNT (ADDI (COADAR OTHERS2M))
(^.DR OTHEPS2))

(CONS (CAR U)
(CDR NLISTA)')))

((AND NIISIA (CDR NLISTA))
(BACKUP £ (CDR OTHERS2)

ANS
(COP (REVERSE (CDR NLISTAM)
(LIST (CAR IREVERSE NLISTA)))))

(NLISTA (BACKUP I (CDR OTHERS2)
ANS
NIL
NIL))

iNLIST8 (BACKUP i (CDROP T9ERS2)
ANS
(CDP NLI.STB)
(LIST (CAR NLISTB))))

4T NIL))))

(F IND0N XT
(LAMBDA (LISTE CTP OTHS)

(COND
((NULL LISTE)

NIL)
((ECUAL CTR (CDADAR OTHS))

(COND
((NULL (CDR LISTE))

NIL)
(T (CADR LISIEf)))

%(NULL (CDR LISTE')
NIL)

(T (FINDNXT (CDP LISTE)
(ADDI CTR)
OTHS )))) )

(BELONG
(LAMBD~A (EL LISTE)

(COND
((NULL LISTE)
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N IL)
t((EUAL EL (CAADAR LISTE))

T)
((NULL (CDP~ LISTE )i
NIL)

(T t8ELONG EL (C9P LISTE)))))'

(STF
(LAMBDA NIL
(ST E2)))

(S*TE 3
tLAMBDA NIL

(ST P-3)))

(STE4
(LAMBDA NIL

(ST E4f))

(STE~S
(LAMBDA NIL

(Sl E5)))

(STE6
ILAMPDA NIL

(ST E6)))

(STEDO

(LAMBDA NIL
(ST EDOO)))

(STE DI
(LAMBDA NIL

( ST Ef~li)

(STED2
(LAMBDA NIL

(',T EDP-)))

(5TFD3
(LAMBDA NIL

(';T ED3)1)

(PPINT (QUOTE F10328))
( SFTOG Ft032B ( BUILD OU IL.Vi ADDON PUT IN (1POERLCV LARGEST DELFTE
PEFLOFF CHOOSL71 CHOOSE FIXi FIXO FIND CHO NXI DOWNI PACI(UP RIGH-TSPOT
FINDNXT B3ELONG SFE2 STE3 STF4 STE¶5 STE64 STEDO STEDI STED2 cTFD3fl
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